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(57) A plurality of impurity diffusion layers working
as bit lines are formed in surface portions of a semicon-
ductor substrate, and a plurality of buried insulating films
are formed above the plural impurity diffusion layers on
the semiconductor substrate. Gate electrodes of mem-
ory devices include a plurality of first polysilicon films,

which are formed between the buried insulating films
with a trapping film formed below and have top faces at
substantially the same level as top faces of the buried
insulating films, and a second polysilicon film formed
over the plural buried insulating films and the plural first
polysilicon films for electrically connecting the plural first

polysilicon films to one another.
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Description
Technical Field

[0001] The present invention relates to a nonvolatile
semiconductor memory capable of high integration and
a method for fabricating the same.

Background Art

[0002] A variety of semiconductor memories have re-
cently been proposed, and among these semiconductor
memories, one having a bit line below an isolation region
as described in, for example, Japanese Laid-Open Pat-
ent Publication No. 05-326893 is noticeable because it
can be easily highly integrated.

[0003] Now, a semiconductor memory having a bit
line below an isolation region and a method for fabricat-
ing the same will be described with reference to FIGS.
59(a) through 59(e) and 60.

[0004] First, after a trapping film 2 is deposited on a
silicon substrate 1 as shown in FIG. 59(a), an impurity
diffusion layer 4 working as a bit line is formed through
impurity ion implantation into the silicon substrate 1 with
a resist pattern 3 used as a mask as shown in FIG. 59
(b). Thereafter, the trapping film 2 is selectively etched
by using the resist pattern 3 as a mask, so as to remove
a portion of the trapping film 2 disposed above the im-
purity diffusion layer 4.

[0005] Next, after removing the resist pattern 3 as
shown in FIG. 59(c), a LOCOS isolation region 5 is
formed through thermal oxidation as shown in FIG. 59
(d).

[0006] Then, after depositing a polysilicon film 6 over
the semiconductor substrate 1 as shown in FIG. 59(e),
the polysilicon film 6 is selectively etched, resulting in
obtaining a conventional semiconductor memory as
shown in FIG. 60.

[0007] The conventional semiconductor memory has,
however, mainly three problems as follows:

[0008] The first problem is that refinement is difficult
because the LOCOS isolation region is used for isolat-
ing devices from one another. Specifically, when the LO-
COS isolation region is employed, a bird's beak is
caused at the end of the isolation region, and hence, an
active region becomes small as compared with a mask
dimension. Therefore, it is necessary to previously set
a large mask dimension, which makes refinement diffi-
cult.

[0009] The second problemis thatitis difficult to lower
the resistance of the bit line because the impurity diffu-
sion layer working as the bit line is provided below the
LOCOS isolation region.

[0010] The third problem is that it is difficult to lower
the resistance of a gate electrode because salicide tech-
nique is difficult to employ. Specifically, as shown in FIG.
60, the impurity diffusion layer 4 working as the bit line
diffuses outside the LOCOS isolation region 4. Accord-
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ingly, if the salicide technique is employed under this
condition, a silicide layer is unavoidably formed in a sur-
face portion of the impurity diffusion layer 4, so that bit
lines may be short-circuited through the silicide layer.
Therefore, the salicide technique is difficult to employ.

Disclosure of the Invention

[0011] In consideration of the aforementioned prob-
lems, an object of the invention is realizing refinement
of a nonvolatile semiconductor memory by avoiding a
LOCOS isolation region from being formed on an impu-
rity diffusion layer working as a bit line.

[0012] The first semiconductor memory of this inven-
tion includes a pair of impurity diffusion layers spaced
from each other and formed in surface portions of a sem-
iconductor substrate; a trapping film formed in a portion
sandwiched between the pair of impurity diffusion layers
on the semiconductor substrate; a gate electrode
formed on the trapping film; and a pair of insulating films
formed on the pair of impurity diffusion layers with the
gate electrode sandwiched therebetween.

[0013] Since the first semiconductor memory includes
the pair of insulating films formed on the pair of impurity
diffusion layers so as to sandwich the gate electrode,
there is no need to provide LOCOS isolation regions on
both sides of a memory device composed of a gate elec-
trode and a trapping film. Therefore, refinement of a
semiconductor memory can be realized.

[0014] The second semiconductor memory of this in-
vention includes a plurality of impurity diffusion layers
formed in surface portions of a semiconductor substrate
in the shape of stripes and working as bit lines; a plurality
of buried insulating films formed above the plurality of
impurity diffusion layers on the semiconductor substrate
and extending along a bit line direction; and gate elec-
trodes of memory devices formed on the semiconductor
substrate and extending along a word line direction, and
the gate electrodes include a plurality of first conducting
films, which are formed between the plurality of buried
insulating films on the semiconductor substrate with a
trapping film formed below the gate electrodes and have
top faces thereof at substantially the same level as top
faces of the plurality of buried insulating films, and a sec-
ond conducting film formed over the plurality of buried
insulating films and the plurality of first conducting films
for electrically connecting the plurality of first conducting
films to one another.

[0015] Inthe second semiconductor memory, the bur-
ied insulating films extending along the bit line direction
are provided above the impurity diffusion layers working
as the bit lines, and the first conducting films included
in the gate electrodes are isolated from one another by
the buried insulating films. Therefore, there is no need
to provide a LOCOS isolation region between memory
devices each composed of a gate electrode and a trap-
ping film. Although the first conducting films are isolated
from one another by the buried insulating films, the first
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conducting films are electrically connected to one an-
other through the second conducing film, and hence,
there arises no problem.

[0016] Accordingly, the refinement of a semiconduc-
tor memory can be realized by the second semiconduc-
tor memory.

[0017] In the first or second semiconductor memory,
the trapping film is preferably made of a multilayer film
composed of a silicon oxide film, a silicon nitride film and
a silicon oxide film successively deposited on the sem-
iconductor substrate.

[0018] Thus, the characteristic of the semiconductor
memory can be definitely improved.

[0019] The third semiconductor memory of this inven-
tion includes a plurality of impurity diffusion layers
formed in surface portions of a semiconductor substrate
in the shape of stripes and working as bit lines; a plurality
of buried insulating films formed above the plurality of
impurity diffusion layers on the semiconductor substrate
and extending along a bit line direction; a plurality of
floating electrodes made of first conducting films that are
formed between the plurality of buried insulating films
on the semiconductor substrate with a tunnel insulating
film formed below and have top faces substantially at
the same level as top faces of the plurality of buried in-
sulating films; an inter-electrode insulating film formed
over the plurality of buried insulating films and the plu-
rality of floating electrodes and extending along a word
line direction; and gate electrodes of memory devices
made of a second conducting film that is formed on the
inter-electrode insulating film and extends along the
word line direction.

[0020] In the third semiconductor memory, the buried
insulating films extending along the bit line direction are
provided above the impurity diffusion layers working as
the bit lines, and the first conducting films used for form-
ing the floating gates are isolated from one another by
the buried insulating films. Therefore, there is no need
to provide a LOCOS isolation region between memory
devices each composed of a floating electrode, an inter-
electrode insulating film and a gate electrode. Although
the first conducting films are isolated from one another
by the buried insulating films, the first conducting films
are electrically connected to one another through the
second conducting film, and hence, there arises no
problem.

[0021] Accordingly, the refinement of a semiconduc-
tor memory can be realized by the third semiconductor
memory.

[0022] The second or third semiconductor memory
preferably further includes sidewall insulating films
formed on side faces of the first conducting films.
[0023] Thus, the short channel effect derived from dif-
fusion of an impurity implanted into the impurity diffusion
layers can be suppressed, so as to reduce the gate
length.

[0024] In this case, metal films are preferably formed
between the plurality of impurity diffusion layers and the
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plurality of buried insulating films and between every
pair of the sidewall insulating films opposing each other.
[0025] Thus, the metal films can be formed on the im-
purity diffusion layers working as the bit lines, and
hence, the resistance of the bit lines can be lowered.
[0026] In the second or third semiconductor memory,
each of the plurality of impurity diffusion layers prefera-
bly includes a high concentration impurity diffusion layer
formed at a center and low concentration impurity diffu-
sion layers formed on both sides of the high concentra-
tion impurity diffusion layer.

[0027] Thus, the short channel effect derived from the
diffusion of an impurity implanted into the high concen-
tration impurity diffusion layers can be suppressed, so
as to reduce the gate length.

[0028] In the second or third semiconductor memory,
a silicide layer is preferably formed in a surface portion
of the second conducting film.

[0029] Thus, the resistance of the gate electrodes can
be lowered.

[0030] The second or third semiconductor memory
preferably further includes sidewall insulating films
formed on side faces of the plurality of buried insulating
films.

[0031] Thus, salicide technique can be performed
while covering portions on the surface of the semicon-
ductor substrate outside the impurity diffusion layers
with the sidewall insulating films. Therefore, short-circuit
between the impurity diffusion layers working as the bit
lines through the silicide layer can be avoided, and the
resistance of the bit lines can be lowered.

[0032] The second or third semiconductor memory
preferably further includes insulating films buried be-
tween the plurality of buried insulating films.

[0033] Thus, the salicide technique can be performed
while covering the portions on the surface of the semi-
conductor substrate outside the impurity diffusion layers
with the insulating films. Therefore, the short-circuit be-
tween the impurity diffusion layers working as the bit
lines through the silicide layer can be definitely avoided.
[0034] In the second or third semiconductor memory,
the second conducting film is preferably a metal film.
[0035] Thus, the resistance of the gate electrodes can
be lowered.

[0036] In the second or third semiconductor memory,
a transistor included in a logic circuit is preferably pro-
vided on the semiconductor substrate, and a gate elec-
trode of the transistor preferably has a multilayer struc-
ture composed of one of the plurality of first conducting
films and the second conducting film.

[0037] Thus, the gate electrode of the transistor in-
cluded in the logic circuit can be formed without increas-
ing the number of procedures.

[0038] In the second or third semiconductor memory,
in the case where the gate electrode of the transistor
has the multilayer structure composed of the first con-
ducting film and the second conducting film, a silicide
layer is preferably formed in a surface portion of the sec-
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ond conducting film.

[0039] Thus, the resistance of the gate electrode of
the transistorincluded in the logic circuit can be lowered.
[0040] In the second or third semiconductor memory,
in the case where the gate electrode of the transistor
has the multilayer structure composed of the first con-
ducting film and the second conducting film, the second
conducting film is preferably a metal film.

[0041] Thus, the resistance of the gate electrode of
the transistor included in the logic circuit can be lowered.
[0042] In the second or third semiconductor memory,
a transistor included in a logic circuit is preferably pro-
vided on the semiconductor substrate, and a gate elec-
trode of the transistor is preferably made of the second
conducting film alone.

[0043] Thus, the gate electrode of the transistor in-
cluded in the logic circuit can be refined.

[0044] The first method for fabricating a semiconduc-
tor memory of this invention includes the steps of form-
ing a trapping film in a memory device formation region
on a semiconductor substrate; depositing a first con-
ducting film on the trapping film; patterning the first con-
ducting film by using a first mask pattern extending
along a bit line direction; forming impurity diffusion lay-
ers working as bit lines by implanting an impurity into
the semiconductor substrate by using, as a mask, the
first mask pattern or patterns of the first conducting film;
forming buried insulating films between the patterns of
the first conducting film on the semiconductor substrate;
depositing a second conducting film on the patterns of
the first conducting film and the buried insulating films;
and patterning the second conducting film and the pat-
terns of the first conducting film by using a second mask
pattern extending along a word line direction, whereby
forming gate electrodes of memory devices each made
of a pattern of the second conducting film and a pattern
of the first conducting film.

[0045] In the first method for fabricating a semicon-
ductor memory, the buried insulating films extending
along the bit line direction are provided above the impu-
rity diffusion layers working as the bit lines, and the pat-
terns of the first conducting film used for forming the gate
electrodes are isolated from one another by the buried
insulating films. Therefore, there is no need to provide
a LOCOS isolation region between the memory devices
each composed of a gate electrode and a trapping film.
Although the patterns of the first conducting film are iso-
lated from one another by the buried insulating films, the
patterns of the first conducting film are electrically con-
nected to one another through the second conducting
film, and hence, there arises no problem.

[0046] Accordingly, refinement of a semiconductor
memory can be realized by the first method for fabricat-
ing a semiconductor memory.

[0047] The second method for fabricating a semicon-
ductor memory of this invention includes the steps of
forming a trapping film in @ memory device formation
region on a semiconductor substrate; depositing a first
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conducting film on the trapping film; patterning the first
conducting film by using a first mask pattern extending
along a bit line direction; forming first sidewall insulating
films on side faces of patterns of the first conducting film;
forming impurity diffusion layers working as bit lines by
implanting an impurity into the semiconductor substrate
by using, as a mask, the patterns of the first conducting
film and the first sidewall insulating films; making the im-
purity diffusion layers overlap the patterns of the first
conducting film by annealing the semiconductor sub-
strate; forming, on the semiconductor substrate, buried
insulating films between the first sidewall insulating films
opposing each other; depositing a second conducting
film on the patterns of the first conducting film and the
buried insulating films; and patterning the second con-
ducting film and the patterns of the first conducting film
by using a second mask pattern extending along a word
line direction, whereby forming gate electrodes of mem-
ory devices each made of a pattern of the second con-
ducting film and a pattern of the first conducting film.
[0048] In the second method for fabricating a semi-
conductor memory, the buried insulating films extending
along the bit line direction are provided above the impu-
rity diffusion layers working as the bit lines, and the pat-
terns of the first conducting film used for forming the gate
electrodes are isolated from one another by the buried
insulating films. Therefore, there is no need to provide
a LOCOS isolation region between the memory devices
each composed of a gate electrode and a trapping film.
Although the patterns of the first conducting film are iso-
lated from one another by the buried insulating films, the
patterns of the first conducting film are electrically con-
nected to one another through the second conducting
film, and hence, there arises no problem.

[0049] Also, this method includes the step of forming
the first sidewall insulating films on the side faces of the
patterns of the first conducting film included in the gate
electrodes, and therefore, the short channel effect de-
rived from the diffusion of the impurity implanted into the
impurity diffusion layers can be avoided, so as to reduce
the gate length.

[0050] Accordingly, further refinement of a semicon-
ductor memory can be realized by the second method
for fabricating a semiconductor memory.

[0051] The third method for fabricating a semiconduc-
tor memory of this invention includes the steps of form-
ing a trapping film in a memory device formation region
on a semiconductor substrate; depositing a first con-
ducting film on the trapping film; patterning the first con-
ducting film by using a first mask pattern extending
along a bit line direction; forming low concentration im-
purity diffusion layers by implanting an impurity into the
semiconductor substrate by using patterns of the first
conducting film as a mask; forming first sidewall insulat-
ing films on side faces of the patterns of the first con-
ducting film; forming high concentration impurity diffu-
sion layers working as bit lines by implanting an impurity
into the semiconductor substrate by using, as a mask,
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the patterns of the first conducting film and the first side-
wall insulating films; forming, on the semiconductor sub-
strate, buried insulating films between the first sidewall
insulating films opposing each other; depositing a sec-
ond conducting film on the patterns of the first conduct-
ing film and the buried insulating films; and patterning
the second conducting film and the patterns of the first
conducting film by using a second mask pattern extend-
ing along a word line direction, whereby forming gate
electrodes of memory devices each made of a pattern
of the second conducting film and a pattern of the first
conducting film.

[0052] In the third method for fabricating a semicon-
ductor memory, the buried insulating films extending
along the bit line direction are provided above the impu-
rity diffusion layers working as the bit lines, and the pat-
terns of the first conducting film included in the gate elec-
trodes are isolated from one another by the buried insu-
lating films. Therefore, there is no need to provide a LO-
COS isolation region between the memory devices each
composed of a gate electrode and a trapping film. Al-
though the patterns of the first conducting film are iso-
lated from one another by the buried insulating films, the
patterns of the first conducting film are electrically con-
nected to one another through the second conducting
film, and hence, there arises no problem.

[0053] Also, the low concentration impurity diffusion
layers can be definitely formed on both sides of the high
concentration impurity diffusion layer working as a bit
line, and therefore, the short channel effect derived from
the diffusion of the impurity implanted into the high con-
centration impurity diffusion layer can be suppressed,
so as to reduce the gate length.

[0054] Accordingly, further refinement of a semicon-
ductor memory can be realized by the third method for
fabricating a semiconductor memory.

[0055] In the second or third method for fabricating a
semiconductor memory, in the step of forming buried in-
sulating films, the buried insulating films are preferably
formed on the semiconductor substrate with a metal film
formed below the buried insulating films.

[0056] Thus, the metal film can be formed on the im-
purity diffusion layers working as the bit lines, so as to
lower the resistance of the bit lines.

[0057] In the first or second method for fabricating a
semiconductor memory, in the step of forming impurity
diffusion layers, the impurity is preferably implanted into
the semiconductor substrate through the trapping film.
[0058] Thus, the surface of the semiconductor sub-
strate can be protected by the trapping film during the
implantation of the impurity.

[0059] The first or second method for fabricating a
semiconductor memory may further include, between
the step of patterning the first conducting film and the
step of forming impurity diffusion layers, a step of pat-
terning the trapping film by using, as a mask, the first
mask pattern or the patterns of the first conducting film,
and in the step of forming impurity diffusion layers, the
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impurity may be implanted into the semiconductor sub-
strate not through the trapping film.

[0060] In the third method for fabricating a semicon-
ductor memory, in the step of forming low concentration
impurity diffusion layers, the impurity is preferably im-
planted into the semiconductor substrate through the
trapping film.

[0061] Thus, the surface of the semiconductor sub-
strate can be protected by the trapping film during the
implantation of the impurity for forming the low concen-
tration impurity diffusion layers, and therefore, the sem-
iconductor substrate is less damaged.

[0062] In the third method for fabricating a semicon-
ductor memory, in the step of forming low concentration
impurity diffusion layers, the impurity is preferably im-
planted into the semiconductor substrate after removing
at least part of a portion of the trapping film exposed
from the patterns of the first conducting film.

[0063] Thus, acceleration energy employed in the ion
implantation for forming the low concentration impurity
diffusion layers can be lowered.

[0064] In the third method for fabricating a semicon-
ductor memory, in the case where the impurity is im-
planted into the semiconductor substrate through the
trapping film in the step of forming low concentration im-
purity diffusion layers, in the step of forming high con-
centration impurity diffusion layers, the impurity is pref-
erably implanted into the semiconductor substrate
through the trapping film.

[0065] Thus, the surface of the semiconductor sub-
strate can be protected by the trapping film also during
the impurity implantation for forming the high concen-
tration impurity diffusion layers.

[0066] Inthe case where the impurity is implanted into
the semiconductor substrate through the trapping film
in the step of forming low concentration impurity diffu-
sion layers, the third method for fabricating a semicon-
ductor memory may further include, between the step
of forming low concentration impurity diffusion layers
and the step of forming high concentration impurity dif-
fusion layers, a step of patterning the trapping film by
using, as a mask, the first mask pattern or the patterns
of the first conducting film, and in the step of forming
high concentration impurity diffusion layers, the impurity
may be implanted into the semiconductor substrate not
through the trapping film.

[0067] The third method for fabricating a semiconduc-
tor memory may further include, between the step of pat-
terning the first conducting film and the step of forming
low concentration impurity diffusion layers, a step of pat-
terning the trapping film by using, as a mask, the first
mask pattern or the patterns of the first conducting film,
and in the step of forming low concentration impurity dif-
fusion layers, the impurity may be implanted into the
semiconductor substrate not through the trapping film.
[0068] In any of the first through third methods for fab-
ricating a semiconductor memory, in forming the gate
electrodes, silicide layers are preferably formed in sur-
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face portions of patterns of the second conducting film.
[0069] Thus, the resistance of the gate electrodes can
be lowered.

[0070] In any of the first through third methods for fab-
ricating a semiconductor memory, in the case where the
silicide layers are formed in the surface portions of the
patterns of the second conducting film in forming the
gate electrodes, silicide layers are preferably formed in
surface portions of the patterns of the second conduct-
ing film after forming second sidewall insulating films on
side faces of the buried insulating films.

[0071] Thus, the salicide technique can be performed
while covering portions on the surface of the semicon-
ductor substrate outside the impurity diffusion layers
with the second sidewall insulating films, and therefore,
short-circuit between the impurity diffusion layers work-
ing as the bit lines through the silicide layer can be avoid-
ed.

[0072] Inany of the first through third methods for fab-
ricating a semiconductor memory, in the case where the
second sidewall insulating films are formed on the side
faces of the buried insulating films in forming the gate
electrodes, the semiconductor memory preferably in-
cludes a transistor included in a logic circuit and provid-
ed on the semiconductor substrate, and in forming the
second sidewall insulating films on the side faces of the
buried insulating films, the second sidewall insulating
films are preferably formed on side faces of a gate elec-
trode of the transistor included in the logic circuit.
[0073] Thus, the sidewall insulating films can be
formed on the side faces of the gate electrode of the
transistor included in the logic circuit without increasing
the number of procedures.

[0074] In any of the first through third methods for fab-
ricating a semiconductor memory, in forming the gate
electrodes, silicide layers are preferably formed in sur-
face portions of patterns of the second conducting film
after burying insulating films between the buried insu-
lating films.

[0075] Thus, the salicide technique is employed while
completely covering the portions on the surface of the
semiconductor substrate outside the impurity diffusion
layers with the insulating films, and therefore, the short-
circuit between the impurity diffusion layers working as
the bit lines through the silicide layer can be definitely
avoided.

[0076] In the second or third method for fabricating a
semiconductor memory, the second conducting film is
preferably a metal film.

[0077] Thus, the resistance of the gate electrodes can
be lowered.
[0078] In the second or third method for fabricating a

semiconductor memory, in the case where the second
conducting film is a metal film, the semiconductor mem-
ory preferably includes a transistor included in a logic
circuit and provided on the semiconductor substrate,
and a gate electrode of the transistor included in the log-
ic circuit preferably has a multilayer structure composed
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of a pattern of the first conducting film and a pattern of
the metal film.

[0079] Thus, the gate electrode of the transistor in-
cluded in the logic circuit can be formed in a polymetal
structure without increasing the number of procedures.
[0080] In any of the first through third methods for fab-
ricating a semiconductor memory, the semiconductor
memory preferably includes a transistor included in a
logic circuit and provided on the semiconductor sub-
strate, and a gate electrode of the transistor included in
the logic circuit is preferably made of a pattern of the
second conducting film alone.

[0081] Thus, the gate electrode of the transistor in-
cluded in the logic circuit can be refined.

[0082] In any of the first through third methods for fab-
ricating a semiconductor memory, the semiconductor
memory preferably includes a transistor included in a
logic circuit and provided on the semiconductor sub-
strate, and in forming the gate electrodes, a gate elec-
trode of the transistor included in the logic circuit com-
posed of a pattern of the second conducting film and a
pattern of the first conducting film is preferably formed
by patterning the second conducting film and the pat-
terns of the first conducting film in a logic circuit forma-
tion region on the semiconductor substrate.

[0083] Thus, the gate electrode of the transistor in-
cluded in the logic circuit can be formed without increas-
ing the number of procedures.

[0084] The fourth method for fabricating a semicon-
ductor memory of this invention includes the steps of
forming a tunnel insulating film in a memory device for-
mation region on a semiconductor substrate; depositing
a first conducting film on the tunnel insulating film; pat-
terning the first conducting film by using a first mask pat-
tern extending along a bit line direction; forming impurity
diffusion layers working as bit lines by implanting an im-
purity into the semiconductor substrate by using, as a
mask, the first mask pattern or patterns of the first con-
ducting film; forming buried insulating films between the
patterns of the first conducting film on the semiconduc-
tor substrate; depositing an inter-electrode insulating
film on the patterns of the first conducting film and the
buried insulating films; depositing a second conducting
film on the inter-electrode insulating film; and patterning
the second conducting film, the inter-electrode insulat-
ing film and the patterns of the first conducting film by
using a second mask pattern extending along a word
line direction, whereby forming gate electrodes of mem-
ory devices each made of a pattern of the second con-
ducting film and floating electrodes each made of a pat-
tern of the first conducting film.

[0085] In the fourth method for fabricating a semicon-
ductor memory, the buried insulating films extending
along the bit line direction are provided above the impu-
rity diffusion layers working as the bit lines, and the pat-
terns of the first conducting film used for forming the
floating electrodes are isolated from one another by the
buried insulating films. Therefore, there is no need to
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provide a LOCOS isolation region between the memory
devices each composed of a floating electrode, an inter-
electrode insulating film and a gate electrode. Although
the patterns of the first conducting film are isolated from
one another by the buried insulating films, the patterns
of the first conducting film are electrically connected to
one another through the second conducting film, and
hence, there arises no problem.

[0086] Accordingly, refinement of a semiconductor
memory can be realized by the fourth method for fabri-
cating a semiconductor memory.

[0087] The fifth method for fabricating a semiconduc-
tor memory of this invention includes the steps of form-
ing a tunnel insulating film on a memory device forma-
tion region on a semiconductor substrate; depositing a
first conducting film on the tunnel insulating film; pattern-
ing the first conducting film by using a first mask pattern
extending along a bit line direction; forming first sidewall
insulating films on side faces of patterns of the first con-
ducting film; forming impurity diffusion layers working as
bit lines by implanting an impurity into the semiconduc-
tor substrate by using, as a mask, the patterns of the
first conducting film and the first sidewall insulating
films; making the impurity diffusion layers overlap the
patterns of the first conducting film by annealing the
semiconductor substrate; forming buried insulating films
between the first sidewall insulating films opposing each
other on the semiconductor substrate; depositing an in-
ter-electrode insulating film on the patterns of the first
conducting film and the buried insulating films; deposit-
ing a second conducting film on the inter-electrode in-
sulating film; and patterning the second conducting film,
the inter-electrode insulating film and the patterns of the
first conducting film by using a second mask pattern ex-
tending along a word line direction, whereby forming
gate electrodes of memory devices each made of a pat-
tern of the second conducting film and floating elec-
trodes each made of a pattern of the first conducting film.
[0088] In the fifth method for fabricating a semicon-
ductor memory, the buried insulating films extending
along the bit line direction are provided above the impu-
rity diffusion layers working as the bit lines, and the pat-
terns of the first conducting film used for forming the
floating electrodes are isolated from one another by the
buried insulating films. Therefore, there is no need to
provide a LOCOS isolation region between the memory
devices each composed of a floating electrode, an inter-
electrode insulating film and a gate electrode. Although
the patterns of the first conducting film are isolated from
one another by the buried insulating films, the patterns
of the first conducting film are electrically connected to
one another through the second conducting film, and
hence, there arises no problem.

[0089] Also, since this method includes the step of
forming the first sidewall insulating films on the side fac-
es of the patterns of the first conducting film used for
forming the floating electrodes, the short channel effect
derived from the diffusion of the impurity implanted into
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the impurity diffusion layers can be suppressed, so as
to reduce the gate length.

[0090] Accordingly, further refinement of a semicon-
ductor memory can be realized by the fifth method for
fabricating a semiconductor memory.

[0091] The sixth method for fabricating a semiconduc-
tor memory of this invention includes the steps of form-
ing a tunnel insulating film in a memory device formation
region on a semiconductor substrate; depositing a first
conducting film on the tunnel insulating film; patterning
the first conducting film by using a first mask pattern ex-
tending along a bit line direction; forming low concen-
tration impurity diffusion layers by implanting an impurity
into the semiconductor substrate by using, as a mask,
patterns of the first conducting film; forming first sidewall
insulating films on side faces of the patterns of the first
conducting film; forming high concentration impurity dif-
fusion layers working as bit lines by implanting an impu-
rity into the semiconductor substrate by using, as a
mask, the patterns of the first conducting film and the
first sidewall insulating films; forming buried insulating
films between the first sidewall insulating films opposing
each other on the semiconductor substrate; depositing
an inter-electrode insulating film on the patterns of the
first conducting film and the buried insulating films; de-
positing a second conducting film on the inter-electrode
insulating film; and patterning the second conducting
film, the inter-electrode insulating film and the patterns
of the first conducting film by using a second mask pat-
tern extending along a word line direction, whereby
forming gate electrodes of memory devices each made
of a pattern of the second conducting film and floating
electrodes each made of a pattern of the first conducting
film.

[0092] In the sixth method for fabricating a semicon-
ductor memory, the buried insulating films extending
along the bit line direction are provided above the high
impurity diffusion layers working as the bit lines, and the
patterns of the first conducting film used for forming the
floating electrodes are isolated from one another by the
buried insulating films. Therefore, there is no need to
provide a LOCOS isolation region between the memory
devices each composed of a floating electrode, an inter-
electrode insulating film and a gate electrode. Although
the patterns of the first conducting film are isolated from
one another by the buried insulating films, the patterns
of the first conducting film are electrically connected to
one another through the second conducting film, and
hence, there arises no problem.

[0093] Also, since this method includes the step of
forming the low concentration impurity diffusion layers
on both sides of each high concentration impurity diffu-
sion layer, the short channel effect derived from the dif-
fusion of the impurity implanted into the high concentra-
tion impurity diffusion layer can be suppressed, so as to
reduce the gate length.

[0094] Accordingly, further refinement of a semicon-
ductor memory can be realized by the sixth method for
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fabricating a semiconductor memory.

[0095] In the fourth or fifth method for fabricating a
semiconductor memory, in the step of forming buried in-
sulating films, the buried insulating films are preferably
formed on the semiconductor substrate with a metal film
formed below the buried insulating films.

[0096] Thus, the metal film can be formed on the im-
purity diffusion layers working as the bit lines, so as to
lower the resistance of the bit lines.

[0097] In the fourth or fifth method for fabricating a
semiconductor memory, in the step of forming impurity
diffusion layers, the impurity is preferably implanted into
the semiconductor substrate through the tunnel insulat-
ing film.

[0098] Thus, the surface of the semiconductor sub-
strate can be protected by the tunnel insulating film dur-
ing the impurity implantation.

[0099] The fourth or fifth method for fabricating a sem-
iconductor memory may further include, between the
step of patterning the first conducting film and the step
of forming impurity diffusion layers, a step of patterning
the tunnel insulating film by using, as a mask, the first
mask pattern or patterns of the first conducting film, and
in the step of forming impurity diffusion layers, the im-
purity may be implanted into the semiconductor sub-
strate not through the tunnel insulating film.

[0100] In the sixth method for fabricating a semicon-
ductor memory, in the step of forming low concentration
impurity diffusion layers, the impurity is preferably im-
planted into the semiconductor substrate through the
tunnel insulating film.

[0101] Thus, the surface of the semiconductor sub-
strate can be protected by the tunnel insulating film dur-
ing the impurity implantation for forming the low concen-
tration impurity diffusion layers, and therefore, the sem-
iconductor substrate is less damaged.

[0102] In the sixth method for fabricating a semicon-
ductor memory, in the step of forming low concentration
impurity diffusion layers, the impurity is preferably im-
planted into the semiconductor substrate after removing
at least part of a portion of the tunnel insulating film ex-
posed from the patterns of the first conducting film.
[0103] Thus, the acceleration energy employed in the
ion implantation for forming the low concentration impu-
rity diffusion layers can be lowered.

[0104] In the sixth method for fabricating a semicon-
ductor memory, in the case where the impurity is im-
planted into the semiconductor substrate through the
tunnel insulating film in the step of forming the low con-
centration impurity layers, in the step of forming high
concentration impurity diffusion layers, the impurity is
preferably implanted into the semiconductor substrate
through the tunnel insulating film.

[0105] Thus, the surface of the semiconductor sub-
strate can be protected by the tunnel insulating film also
during the impurity implantation for forming the high con-
centration impurity diffusion layers.

[0106] The sixth method for fabricating a semiconduc-
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tor memory may further include, between the step of
forming low concentration impurity diffusion layers and
the step of forming high concentration impurity diffusion
layers, a step of patterning the tunnel insulating film by
using, as a mask, the first mask pattern or the patterns
of the first conducting film, and in the step of forming
high concentration impurity diffusion layers, the impurity
may be implanted into the semiconductor substrate not
through the tunnel insulating film.

[0107] The sixth method for fabricating a semiconduc-
tor memory may further include, between the step of pat-
terning the first conducting film and the step of forming
low concentration impurity diffusion layers, a step of pat-
terning the trapping film by using, as a mask, the first
mask pattern or patterns of the first conducting film, and
in the step of forming low concentration impurity diffu-
sion layers, the impurity may be implanted into the sem-
iconductor substrate not through the trapping film.
[0108] In any of the fourth through sixth methods for
fabricating a semiconductor memory, in forming the gate
electrodes, silicide layers are preferably formed in sur-
face portions of patterns of the second conducting film.
[0109] Thus, the resistance of the gate electrodes can
be lowered.

[0110] In any of the fourth through sixth methods for
fabricating a semiconductor memory, in forming the gate
electrodes, silicide layers are preferably formed in sur-
face portions of patterns of the second conducting film
after forming second sidewall insulating films on side
faces of the buried insulating films.

[0111] Thus, the salicide technique is employed while
covering portions on the surface of the semiconductor
substrate outside the impurity diffusion layers with the
sidewall insulating films, and therefore, short-circuit be-
tween the impurity diffusion layers working as the bit
lines through the silicide layer can be avoided.

[0112] In any of the fourth through sixth methods for
fabricating a semiconductor memory, in the case where
the second sidewall insulating films are formed on the
side faces of the buried insulating films in forming the
gate electrodes, the semiconductor memory preferably
includes a transistor included in a logic circuit and pro-
vided on the semiconductor substrate, and in forming
the second sidewall insulating films on the side faces of
the buried insulating films, the second sidewall insulat-
ing films are preferably formed on side faces of a gate
electrode of the transistor included in the logic circuit.
[0113] Thus, the sidewall insulating films can be
formed on the side face of the gate electrode of the tran-
sistor included in the logic circuit without increasing the
number of procedures.

[0114] In any of the fourth through sixth methods for
fabricating a semiconductor memory, in forming the gate
electrodes, silicide layers are preferably formed in sur-
face portions of patterns of the second conducting film
after burying insulating films between the buried insu-
lating films.

[0115] Thus, the salicide technique is employed while
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completely covering the portions on the surface of the
semiconductor substrate outside the impurity diffusion
layers with the insulating films, and therefore, the short-
circuit between the impurity diffusion layers working as
the bit lines through the silicide layer can be definitely
avoided.

[0116] In any of the fourth through sixth methods for
fabricating a semiconductor memory, the semiconduc-
tor memory preferably includes a transistor included in
a logic circuit and provided on the semiconductor sub-
strate, and a gate electrode of the transistor included in
the logic circuit is preferably made of a pattern of the
second conducting film alone.

[0117] Thus, the gate electrode of the transistor in-
cluded in the logic circuit can be formed without increas-
ing the number of procedures.

Brief Description of Drawings
[0118]

FIGS. 1(a) through 1(c) are cross-sectional views
for showing procedures in a method for fabricating
a semiconductor memory according to Embodiment
1.

FIGS. 2(a) through 2(c) are cross-sectional views
for showing other procedures in the method for fab-
ricating a semiconductor memory according to Em-
bodiment 1.

FIG. 3 is a perspective cross-sectional view of a
semiconductor memory according to Embodiment
1.

FIG. 4(a) is a cross-sectional view taken on line
IVA-IVA of FIG. 3, FIG. 4(b) is a cross-sectional view
taken on line IVB-IVB of FIG. 3, FIG. 4(c) is a cross-
sectional view taken on line IVC-IVC of FIG. 3 and
FIG. 4(d) is a cross-sectional view taken on line
IVD-IVD of FIG. 3.

FIGS. 5(a) through 5(d) are cross-sectional views
for showing procedures in a method for fabricating
a semiconductor memory according to Embodiment
2.

FIGS. 6(a) through 6(d) are cross-sectional views
for showing other procedures in the method for fab-
ricating a semiconductor memory according to Em-
bodiment 2.

FIG. 7 is a perspective cross-sectional view of a
semiconductor memory according to Embodiment
2.

FIG. 8(a) is a cross-sectional view taken on line VI-
IA-VIIIA of FIG. 7, FIG. 8(b) is a cross-sectional
view taken on line VIIIB-VIIIB of FIG. 7, FIG. 8(c) is
a cross-sectional view taken on line VIIIC-VIIIC of
FIG. 7 and FIG. 8(d) is a cross-sectional view taken
on line VIIID-VIIID of FIG. 7.

FIGS. 9(a) through 9(d) are cross-sectional views
for showing procedures in a method for fabricating
a semiconductor memory according to Embodiment
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3.

FIGS. 10(a) through 10(d) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 3.

FIG. 11 is a perspective cross-sectional view of a
semiconductor memory according to Embodiment
3.

FIG. 12(a) is a cross-sectional view taken on line
XIIA-XIIA of FIG. 11, FIG. 12(b) is a cross-sectional
view taken on line XIIB-XIIB of FIG. 11, FIG. 12(c)
is a cross-sectional view taken on line XIIC-XIIC of
FIG. 11 and FIG. 12(d) is a cross-sectional view tak-
en on line XIID-XIID of FIG. 11.

FIGS. 13(a) through 13(e) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 4.

FIGS. 14(a) through 14(d) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 4.

FIG. 15 is a perspective cross-sectional view of a
semiconductor memory according to Embodiment
4.

FIG. 16(a) is a cross-sectional view taken on line
XVIA-XVIA of FIG. 15, FIG. 16(b) is a cross-sec-
tional view taken on line XVIB-XVIB of FIG. 15, FIG.
16(c) is a cross-sectional view taken on line
XVIC-XVIC of FIG. 15 and FIG. 16(d) is a cross-
sectional view taken on line XVID-XVID of FIG. 15.
FIGS. 17(a) through 17(d) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 5.

FIGS. 18(a) through 18(d) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 5.

FIG. 19 is a perspective cross-sectional view of a
semiconductor memory according to Embodiment
5.

FIG. 20(a) is a cross-sectional view taken on line
XXA-XXA of FIG. 19, FIG. 20(b) is a cross-sectional
view taken on line XXB-XXB of FIG. 19, FIG. 20(c)
is a cross-sectional view taken on line XXC-XXC of
FIG.19 and FIG. 20(d) is a cross-sectional view tak-
en on line XXD-XXD of FIG. 19.

FIGS. 21(a) through 21(d) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 6.

FIGS. 22(a) through 22(d) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 6.

FIGS. 23(a) through 23(d) are cross-sectional
views for showing other procedures in the method
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for fabricating a semiconductor memory according
to Embodiment 6.

FIG. 24 is a perspective cross-sectional view of a
semiconductor memory according to Embodiment
6.

FIG. 25(a) is a cross-sectional view taken on line
XXVA-XXVA of FIG. 24, FIG. 25(b) is a cross-sec-
tional view taken on line XXVB-XXVB of FIG. 24,
FIG. 25(c) is a cross-sectional view taken on line
XXVC-XXVC of FIG. 24 and FIG. 25(d) is a cross-
sectional view taken on line XXVD-XXVD of FIG.
24,

FIGS. 26(a) through 26(d) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 7.

FIGS. 27(a) through 27(d) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 7.

FIGS. 28(a) through 28(d) are cross-sectional view
for showing other procedures in the method for fab-
ricating a semiconductor memory according to Em-
bodiment 7.

FIG. 29 is a perspective cross-sectional view of a
semiconductor memory according to Embodiment
7.

FIG. 30(a) is a cross-sectional view taken on line
XXXA-XXXA of FIG. 29, FIG. 30(b) is a cross-sec-
tional view taken on line XXXB-XXXB of FIG. 29,
FIG. 30(c) is a cross-sectional view taken on line
XXXC-XXXC of FIG. 29 and FIG. 30(d) is a cross-
sectional view taken on line XXXD-XXXD of FIG.
29.

FIGS. 31(a) through 31(c) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 8.

FIGS. 32(a) through 32(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 8.

FIGS. 33(a) through 33(d) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 8.

FIG. 34 is a perspective cross-sectional view of a
semiconductor memory according to Embodiment
8.

FIG. 35(a) is a cross-sectional view taken on line
XXXVA-XXXVA of FIG. 34, FIG. 35(b) is a cross-
sectional view taken on line XXXVB-XXXVB of FIG.
34, FIG. 35(c) is a cross-sectional view taken on
line XXXVC-XXXVC of FIG. 34 and FIG. 35(d) is a
cross-sectional view taken on line XXXVD-XXXVD
of FIG. 34.

FIGS. 36(a) through 36(d) are cross-sectional
views for showing procedures in a method for fab-
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ricating a semiconductor memory according to Em-
bodiment 9.

FIGS. 37(a) through 37(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 9.

FIG. 38 is a perspective cross-sectional view of a
semiconductor memory according to Embodiment
9.

FIG. 39(a) is a cross-sectional view taken on line
XXIXA-XXIXA of FIG. 38, FIG. 39(b) is a cross-sec-
tional view taken on line XXIXB-XXIXB of FIG. 38,
FIG. 39(c) is a cross-sectional view taken on line
XXIXC-XXIXC of FIG. 38 and FIG. 39(d) is a cross-
sectional view taken on line XXIXD-XXIXD of FIG.
38.

FIGS. 40(a) through 40(d) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 10.

FIGS. 41(a) through 41(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 10

FIGS. 42(a) through 42(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 10.

FIGS. 43(a) through 43(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 10.

FIGS. 44(a) through 44(c) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 11.

FIGS. 45(a) through 45(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 11.

FIGS. 46(a) through 46(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 11.

FIGS. 47(a) through 47(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 11.

FIGS: 48(a) and 48(b) are cross-sectional views for
showing other procedures in the method for fabri-
cating a semiconductor memory according to Em-
bodiment 11.

FIGS. 49(a) through 49(c) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 12.

FIGS. 50(a) through 50(c) are cross-sectional
views for showing other procedures in the method
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for fabricating a semiconductor memory according
to Embodiment 12.

FIGS. 51(a) through 51(c) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 12.

FIGS. 52(a) through 52(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 12.

FIGS. 53(a) through 53(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 12.

FIGS. 54(a) through 54(c) are cross-sectional
views for showing procedures in a method for fab-
ricating a semiconductor memory according to Em-
bodiment 13.

FIGS. 55(a) through 55(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 13.

FIGS. 56(a) through 56(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 13.

FIGS. 57(a) through 57(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 13.

FIGS. 58(a) through 58(c) are cross-sectional
views for showing other procedures in the method
for fabricating a semiconductor memory according
to Embodiment 13.

FIGS. 59(a) through 59(d) are cross-sectional
views for showing procedures in a conventional
method for fabricating a semiconductor memory.
FIG. 60 is a plan view of a conventional semicon-
ductor memory.

Best Mode for Carrying Out the Invention

[0119] Now, a semiconductor memory and a method
for fabricating the same according to each of preferred
embodiments of the invention will be described. An n-
channel type transistor and a p-channel type transistor
are generally formed in a logic circuit region, and these
transistors are different in the kind of impurities, and
therefore, merely an n-channel type transistor alone is
shown in each of drawings referred to below.

(EMBODIMENT 1)

[0120] A semiconductor memory and a method for
fabricating the same according to Embodiment 1 of the
invention will now be described with reference to FIGS.
1(a) through 1(c), 2(a) through 2(c), 3 and 4(a) through
4(d). FIG. 4(a) shows the cross-sectional structure tak-
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en on line IVA-IVA of FIG. 3, FIG. 4(b) shows the cross-
sectional structure taken on line IVB-IVB of FIG. 3, FIG.
4(c) shows the cross-sectional structure taken on line
IVC-IVC of FIG. 3 and FIG. 4(d) shows the cross-sec-
tional structure taken on line IVD-IVD of FIG. 3.

[0121] First, as shown in FIG. 1(a), a trapping film 11
that is made of a multilayer film composed of, for exam-
ple, a silicon oxide film, a silicon nitride film and a silicon
oxide film, includes a charge capturing site and has a
thickness of 30 nm in total is deposited in a memory de-
vice formation region on a semiconductor substrate 10
of a silicon substrate. Then, as shown in FIG. 1(b), a
first polysilicon film 12 that is doped with 1 x 1020 cm-3
through 1 x 1021 ¢cm-3 of phosphorus and has a thick-
ness of 150 nm through 300 nm is deposited on the trap-
ping film 11.

[0122] Next, as shownin FIG. 1(c), the first polysilicon
film 12 is selectively etched by using, as a mask, a first
resist pattern 13 extending along the bit line direction,
so as to pattern the first polysilicon film 12. In this etch-
ing, the trapping film 11 is preferably allowed to remain
in order to protect the surface of the semiconductor sub-
strate 10 in impurity implantation successively per-
formed.

[0123] Then, as shown in FIG. 2(a), ions of an n-type
impurity are implanted into the semiconductor substrate
10 at, for example, 1 x 1015 cm2 through 1 x 1016 cm2
by using the first resist pattern 13 as a mask, so as to
form an n-type high concentration impurity diffusion lay-
er 14 working as a bit line.

[0124] Next, as shown in FIG. 2(d), after depositing a
silicon oxide film over the semiconductor substrate 10,
the silicon oxide film is subjected to, for example, CMP
or etch back, so as to remove a portion of the silicon
oxide film present on the pattern of the first polysilicon
film 12. Thus, a buried insulating film 15 is formed be-
tween the patterns of the first polysilicon film 12 and on
the high concentration impurity diffusion layer 14. In this
case, the top faces of the pattern of the first polysilicon
film 12 and the buried insulating film 15 are at substan-
tially the same level.

[0125] Then, as shown in FIG. 2(c), a second polysil-
icon film 16 doped with, for example, 1 x 1020 cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited on the pat-
tern of the first polysilicon film 12 and the buried insu-
lating film 15.

[0126] Next, the second polysilicon film 16 and the
pattern of the first polysilicon film 12 are selectively
etched by using, as a mask, a second resist pattern
(omitted in the drawings) extending along the word line
direction. Thus, as shown in FIGS. 3 and 4(a) through
4(d), a gate electrode composed of a pattern of the sec-
ond polysilicon film 16 and a pattern of the first polysil-
icon film 12 is formed.

[0127] According to Embodiment 1, the buried insu-
lating film 15 extending along the bit line direction is pro-
vided above the high concentration impurity diffusion
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layer 14 working as the bit line, and the patterns of the
first polysilicon film 12 included in the gate electrodes
are isolated from one another by the buried insulating
film 15. Therefore, there is no need to provide a LOCOS
isolation region between memory devices each com-
posed of the gate electrode and the trapping film 11.
[0128] Also, although the patterns of the first polysili-
con film 12 are isolated from one another by the buried
insulating film 15, the patterns of the first polysilicon film
12 are electrically connected to one another through the
second polysilicon film 16, and therefore, there arises
no particular problem.

[0129] Accordingly, refinement of a semiconductor
memory can be realized by Embodiment 1.

[0130] Although the multilayer film composed of a sil-
icon oxide film, a silicon nitride film and a silicon oxide
film is used as the trapping film 11 having the charge
capturing site in Embodiment 1, a single-layer film of a
nitrided silicon oxide film, a single-layer film of a silicon
nitride film or a multilayer film composed of a silicon ox-
ide film and a silicon nitride film deposited in this order
on the semiconductor substrate 10 may be used in-
stead.

[0131] Although the trapping film 11 has a thickness
of 30 nm, the thickness is particularly preferably approx-
imately 20 nm because the trapping film 11 with a small-
er thickness can attain a better transistor characteristic.
[0132] Although the multilayer film composed of the
first polysilicon film 12 and the second polysilicon film
16 is used as the gate electrode, a single-layer film of a
polysilicon film, an amorphous silicon film, a refractory
metal film with a melting point of 600°C or more, a sin-
gle-layer film of a metal silicide film, or a multilayer film
of any of these films can be used instead.

[0133] Although a silicon oxide film is used as the bur-
ied insulating film 15, a single-layer film of a fluorine-
containing silicon oxide film or a porous film, or a multi-
layer film of these films may be used instead. When the
buried insulating film 15 includes a fluorine-containing
silicon oxide film or a porous film, the capacitance be-
tween interconnects can be lowered, so as to attain a
higher speed of the transistor.

[0134] Also, although the first resist pattern 13 is used
as the mask for forming the high concentration impurity
diffusion layer 14 in Embodiment 1, the patterns of the
first polysilicon film 12 may be used instead with the first
resist pattern 13 removed. Thus, the n-type impuirity is
implanted also into the gate electrode, and therefore,
the resistance of the gate electrode can be further low-
ered.

[0135] Furthermore, although a polysilicon film doped
with an impurity is deposited as each of the first polysil-
icon film 12 and the second polysilicon film 16 in Em-
bodiment 1, instead, a polysilicon film not doped with an
impurity can be first deposited so as to be doped with
an impurity afterward.

[0136] Moreover, although an n-type memory, device
is formed in Embodiment 1, a p-type memory device
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may be formed instead.
(EMBODIMENT 2)

[0137] A semiconductor memory and a method for
fabricating the same according to Embodiment 2 of the
invention will now be described with reference to FIGS.
5(a) through 5(d), 6(a) through 6(d), 7 and 8(a) through
8(d). FIG. 8(a) shows the cross-sectional structure tak-
en on line VIIIA-VIIIA of FIG. 7, FIG. 8(b) shows the
cross-sectional structure taken on line VIIIB-VIITIB of
FIG. 7, FIG. 8(c) shows the cross-sectional structure
taken on line VIIIC-VIIIC of FIG. 7 and FIG. 8(d) shows
the cross-sectional structure taken on line VIIID-VIIID of
FIG. 7.

[0138] First, as shown in FIG. 5(a), a trapping film 21
that is made of a multilayer film composed of, for exam-
ple, a silicon oxide film, a silicon nitride film and a silicon
oxide film and has a thickness of 30 nm in total is de-
posited in a memory device formation region on a sem-
iconductor substrate 20 of a silicon substrate. Then, as
shown in FIG. 5(b), a first polysilicon film 22 that is
doped with, for example, 1 x 1020 cm-3 through 1 x 1021
cm-3 of phosphorus and has a thickness of 150 nm
through 300 nm is deposited on the trapping film 21.
[0139] Next, as shownin FIG. 5(c), the first polysilicon
film 22 is selectively etched by using, as a mask, a first
resist pattern (omitted in the drawings) extending along
the bit line direction, so as to pattern the first polysilicon
film 22.

[0140] Then, as shown in FIG. 5(d), after depositing
a silicon oxide film with a thickness of, for example, 50
nm through 200 nm over the semiconductor substrate
20, the silicon oxide film is etched back, so as to form a
sidewall insulating film 23 on the side faces of the pat-
tern of the first polysilicon film 22. In this case, a portion
of the trapping film 21 exposed from the first polysilicon
film 22 and the sidewall insulating film 23 is generally
removed through the etching but this portion of the trap-
ping film 21 may be allowed to remain. When the trap-
ping film 21 thus remains, the semiconductor substrate
20 is less damaged during the etching.

[0141] Then, as shown in FIG. 6(a), ions of an n-type
impurity are implanted into the semiconductor substrate
20 at, for example, 1 x 1015 cm 2 through 1 x 1016 ¢cm-2
by using the pattern of the first polysilicon film 22 and
the sidewall insulating film 23 as a mask, so as to form
an n-type high concentration impurity diffusion layer 24
working as a bit line.

[0142] Next, as shown in FIG. 6(b), the semiconduc-
tor substrate 20 is subjected to annealing at, for exam-
ple, 850°C through 950°C, so as to make the high con-
centration impurity diffusion layer 24 overlap the pattern
of the first polysilicon film 22. This annealing can be per-
formed through batch processing using an electric fur-
nace or rapid thermal annealing (RTA) using a lamp.
[0143] Then, as shown in FIG. 6(c), after depositing
a silicon oxide film over the semiconductor substrate 20,
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the silicon oxide film is subjected to, for example, the
CMP or etch back, so as to remove a portion of the sil-
icon oxide film present on the pattern of the first polysil-
icon film 22. Thus, a buried insulating film 25 is formed
between the sidewall insulating films 23 opposing each
other and on the high concentration impurity diffusion
layer 24. In this case, the top faces of the pattern of the
first polysilicon film 22 and the buried insulating film 25
are at substantially the same level.

[0144] Next, as shown in FIG. 6(d), a second polysil-
icon film 26 doped with, for example, 1 x 1020 ¢cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited on the pat-
tern of the first polysilicon film 22 and the buried insu-
lating film 25.

[0145] Then, the second polysilicon film 26 and the
pattern of the first polysilicon film 22 are selectively
etched by using, as a mask, a second resist pattern
(omitted in the drawings) extending along the word line
direction. Thus, a gate electrode made of a pattern of
the second polysilicon film 26 and a pattern of the first
polysilicon film 22 is formed as shown in FIGS. 7 and 8
(a) through 8(d).

[0146] Accordingto Embodiment 2, since the sidewall
insulating film 23 is formed on the side face of the pattern
of the first polysilicon film 22 included in the gate elec-
trode, not only the same effect as that attained in Em-
bodiment 1 can be attained but also the short channel
effect derived from diffusion of the impurity implanted
into the high concentration impurity diffusion layer 24
can be suppressed. Therefore, the gate length can be
reduced.

[0147] Accordingly, further refinement of a semicon-
ductor memory can be realized by Embodiment 2.
[0148] Although a polysilicon film doped with an im-
purity is deposited as each of the first polysilicon film 22
and the second polysilicon film 26 in Embodiment 2, in-
stead, a polysilicon film not doped with an impurity can
be first deposited so as to be doped with an impurity
afterward.

[0149] Also, each of the first polysilicon film 22 and
the second polysilicon film 26 of Embodiment 2 may be
replaced with an amorphous silicon film.

[0150] Moreover, although an n-type memory device
is formed in Embodiment 2, a p-type memory device
may be formed instead.

(EMBODIMENT 3)

[0151] A semiconductor memory and a method for
fabricating the same according to Embodiment 3 of the
invention will now be described with reference to FIGS.
9(a) through 9(d), 10(a) through 10(d), 11 and 12(a)
through 12(d). FIG. 12(a) shows the cross-sectional
structure taken on line XIIA-XIIA of FIG. 11, FIG. 12(b)
shows the cross-sectional structure taken on line
XI1B-XIIB of FIG. 11, FIG. 12(c) shows the cross-sec-
tional structure taken on line XIIC-XIIC of FIG. 11 and
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FIG. 12(d) shows the cross-sectional structure taken on
line XIID-XIID of FIG. 11.

[0152] First, as shown in FIG. 9(a), a trapping film 31
that is made of a multilayer film composed of, for exam-
ple, a silicon oxide film, a silicon nitride film and a silicon
oxide film and has a thickness of 30 nm in total is de-
posited in a memory device formation region on a sem-
iconductor substrate 30 of a silicon substrate. Then, as
shown in FIG. 9(b), a first polysilicon film 32 that is
doped with, for example, 1 x 1020 cm-3 through 1 x 1021
cm-3 of phosphorus and has a thickness of 150 nm
through 300 nm is deposited on the trapping film 31.
[0153] Next, asshowninFIG. 9(c), the first polysilicon
film 32 is selectively etched by using, as a mask, a first
resist pattern (omitted in the drawings) extending along
the bit line direction, so as to pattern the first polysilicon
film 32. In this etching, the trapping film 31 is preferably
allowed to remain in order to protect the surface of the
semiconductor substrate 30 in impurity implantation
successively performed.

[0154] Then, as shown in FIG. 9(d), ions of a p-type
impurity such as boron are implanted into the semicon-
ductor substrate 30 at 20 keV through 50 keV and 1 x
1012 cm-2 through 1 x 1013 cm2 by using the first resist
pattern as a mask, so as to form a p-type impurity diffu-
sion layer 33. Thereafter, ions of an n-type impurity such
as arsenic are implanted into the semiconductor sub-
strate 30 at 20 keV through 50 keV and 1 x 1014 cm=2
through 1 x 1015 cm2 by using the first resist pattern
used as a mask, so as to form an n-type low concentra-
tion impurity diffusion layer 34. Either of the implantation
of the p-type impurity and the implantation of the n-type
impurity may be performed prior.

[0155] Next, as shown in FIG. 10(a), after depositing
a silicon oxide film with a thickness of, for example, 50
nm through 200 nm over the semiconductor substrate
30, the silicon oxide film is etched back, so as to form a
sidewall insulating film 35 on the side face of the pattern
of the first polysilicon film 32.

[0156] Then, as shownin FIG. 10(b), ions of an n-type
impurity are implanted into the semiconductor substrate
30 at, for example, 1 x 1015 cm2 through 1 x 1016 cm-2
by using the pattern of the first polysilicon film 32 and
the sidewall insulating film 35 as a mask, so as to form
an n-type high concentration impurity diffusion layer 36
working as a bit line.

[0157] Next, as shown in FIG. 10(c), after depositing
a silicon oxide film over the semiconductor substrate 30,
the silicon oxide film is subjected to, for example, the
CMP or etch back, so as to remove a portion of the sil-
icon oxide film present on the pattern of the first polysil-
icon film 32. Thus, a buried insulating film 37 is formed
between the sidewall insulating films 35 opposing each
other and on the high concentration impurity diffusion
layer 36. In this case, the top faces of the pattern of the
first polysilicon film 32 and the buried insulating film 37
are at substantially the same level.

[0158] Then, as shown in FIG. 10(d), a second poly-
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silicon film 38 doped with, for example, 1 x 1020 cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited on the pat-
tern of the first polysilicon film 32 and the buried insu-
lating film 37.

[0159] Next, the second polysilicon film 38 and the
pattern ofthe first polysilicon film 32 are selectively
etched by using, as a mask, a second resist pattern
(omitted in the drawings) extending along the word line
direction. Thus, as shown in FIGS. 11 and 12(a) through
12(d), a gate electrode made of a pattern of the second
polysilicon film 38 and a pattern of the first polysilicon
film 32 is formed.

[0160] According to Embodiment 3, the sidewall insu-
lating film 35 is formed on the side face of the gate elec-
trode after forming the low concentration impurity diffu-
sion layer 34, and thereafter, the high concentration im-
purity diffusion layer 36 is formed by implanting the n-
type impurity by using the pattern of the first polysilicon
film 32 and the sidewall insulating film 35 as a mask,
namely, the semiconductor memory has an LDD struc-
ture. Therefore, not only the same effect as that attained
by Embodiment 1 can be attained but also the short
channel effect derived from the diffusion of the impurity
implanted into the high concentration impurity diffusion
layer 36 can be suppressed. Therefore, the gate length
can be reduced.

[0161] Also, although the first resist pattern not shown
is used as the mask for forming the p-type impurity dif-
fusion layer 33 and the n-type low concentration impurity
diffusion layer 34 in Embodiment 3, the pattern of the
first polysilicon film 32 may be used instead.

[0162] Furthermore, although a polysilicon film doped
with an impurity is deposited as each of the first polysil-
icon film 32 and the second polysilicon film 38 in Em-
bodiment 3, instead, a polysilicon film not doped with an
impurity can be first deposited so as to be doped with
an impurity afterward.

[0163] Also, each of the first polysilicon film 32 and
the second polysilicon film 38 of Embodiment 3 may be
replaced with an amorphous silicon film.

[0164] Moreover, although an n-type memory device
is formed in Embodiment 3, a p-type memory device
may be formed instead.

(EMBODIMENT 4)

[0165] A semiconductor memory and a method for
fabricating the same according to Embodiment 4 of the
invention will now be described with reference to FIGS.
13(a) through 13(e), 14(a) through 14(d), 15 and 16(a)
through 16(d). FIG. 16(a) shows the cross-sectional
structure taken on line XVIA-XVIA of FIG. 15, FIG. 16
(b) shows the cross-sectional structure taken on line
XVIB-XVIB of FIG. 15, FIG. 16(c) shows the cross-sec-
tional structure taken on line XVIC-XVIC of FIG. 15 and
FIG. 16(d) shows the cross-sectional structure taken on
line XVID-XVID of FIG. 15.
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[0166] First, as shown in FIG. 13(a), a trapping film
41 that is made of a multilayer film composed of, for ex-
ample, a silicon oxide film, a silicon nitride film and a
silicon oxide film and has a thickness of 30 nm in total
is deposited in a memory device formation region on a
semiconductor substrate 40 of a silicon substrate. Then,
as shown in FIG. 13(b), a first polysilicon film 42 that is
doped with, for example, 1 x 1020 ¢cm-3 through 1 x 1021
cm-3 of phosphorus and has a thickness of 150 nm
through 300 nm is deposited on the trapping film 41.
[0167] Next, as shown in FIG. 13(c), the first polysili-
con film 42 is selectively etched by using, as a mask, a
first resist pattern (omitted in the drawings) extending
along the bit line direction, so as to pattern the first poly-
silicon film 42. In this etching, the trapping film 42 is pref-
erably allowed to remain in order to protect the surface
of the semiconductor substrate 40 in impurity implanta-
tion successively performed.

[0168] Then, as shown in FIG. 13(d), ions of a p-type
impurity such as boron are implanted into the semicon-
ductor substrate 40 at 20 keV through 50 keV and 1 x
1012 cm-2 through 1 x 1013 cm2 by using the first resist
pattern as a mask, so as to form a p-type impurity diffu-
sion layer 43. Thereafter, ions of an n-type impurity such
as arsenic are implanted into the semiconductor sub-
strate 40 at 20 keV through 50 keV and 1 x 1014 cm=2
through 1 x 1015 cm2 by using the first resist pattern as
a mask, so as to form an n-type low concentration im-
purity diffusion layer 44.

[0169] Next, as shown in FIG. 13(e), after depositing
a silicon oxide film with a thickness of, for example, 50
nm through 200 nm over the semiconductor substrate
40, the silicon oxide film is etched back, so as to form a
sidewall insulating film 45 on the side face of the pattern
of the first polysilicon film 42.

[0170] Then, as shownin FIG. 14(a), ions of an n-type
impurity are implanted into the semiconductor substrate
40 at, for example, 1 x 1015 cm2 through 1 x 1016 cm-2
by using the pattern of the first polysilicon film 42 and
the sidewall insulating film 45 as a mask, so as to form
an n-type high concentration impurity diffusion layer 46
working as a bit line.

[0171] Next, as shown in FIG. 14(b), after depositing
atungsten film over the semiconductor substrate 40, the
tungsten film is etched back, so as to form, between the
sidewall insulating films 45 opposing each other and on
the high concentration impurity diffusion layer 46, a met-
al film 47 having the top face at a level lower than the
top face of the pattern of the first polysilicon film 42. In
this case, the metal film 47 preferably has a melting point
of approximately 400°C or more. Also, the top face of
the metal film 47 is preferably at approximately a half
height of the top face of the pattern of the first polysilicon
film 42. This is because, when the metal film 47 has a
too large thickness, there is a fear of short-circuit be-
tween the metal film 47 and the pattern of the first poly-
silicon film 42, and when the metal film 47 has a too
small thickness, there is a fear of elimination of the metal
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film 47 in etching subsequently performed.

[0172] Next, as shown in FIG. 14(c), after depositing
a silicon oxide film over the semiconductor substrate 40,
the silicon oxide film is subjected to, for example, the
CMP or etch back, so as to remove a portion of the sil-
icon oxide film present on the pattern of the first polysil-
icon film 42. Thus, a buried insulating film 48 is formed
between the sidewall insulating films 45 opposing each
other and on the metal film 47. In this case, the top faces
of the pattern of the first polysilicon film 42 and the bur-
ied insulating film 48 are at substantially the same level.
[0173] Then, as shown in FIG. 14(d), a second poly-
silicon film 49 doped with, for example, 1 x 1020 cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited on the pat-
tern of the first polysilicon film 42 and the buried insu-
lating film 48.

[0174] Next, the second polysilicon film 49 and the
pattern of the first polysilicon film 42 are selectively
etched by using, as a mask, a second resist pattern
(omitted in the drawings) extending along the word line
direction. Thus, as shown in FIGS. 15 and 16(a) through
16(d), a gate electrode made of a pattern of the second
polysilicon film 49 and a pattern of the first polysilicon
film 42 is formed.

[0175] According to Embodiment 4, since the metal
film 47 is provided between the sidewall insulating films
45 opposing each other and on the high concentration
impurity diffusion layer 46 working as a bit line, the re-
sistance of the bit line can be lowered.

[0176] Although the first resist pattern not shown is
used as the mask for forming the p-type impurity diffu-
sion layer 43 and the n-type low concentration impurity
diffusion layer 44 in Embodiment 4, the pattern of the
first polysilicon film 42 may be used instead.

[0177] Furthermore, although a polysilicon film doped
with an impurity is deposited as each of the first polysil-
icon film 42 and the second polysilicon film 49 in Em-
bodiment 4, instead, a polysilicon film not doped with an
impurity can be first deposited so as to be doped with
an impurity afterward.

[0178] Also, each of the first polysilicon film 42 and
the second polysilicon film 49 of Embodiment 4 may be
replaced with an amorphous silicon film.

[0179] Moreover, although an n-type memory device
is formed in Embodiment 4, a p-type memory device
may be formed instead.

(EMBODIMENT 5)

[0180] A semiconductor memory and a method for
fabricating the same according to Embodiment 5 of the
invention will now be described with reference to FIGS.
17(a) through 17(d), 18(a) through 18(d), 19 and 20(a)
through 20(d). FIG. 20(a) shows the cross-sectional
structure taken on line XXA-XXA of FIG. 19, FIG. 20(b)
shows the cross-sectional structure taken on line
XXB-XXB of FIG. 19, FIG. 20(c) shows the cross-sec-
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tional structure taken on line XXC-XXC of FIG. 19 and
FIG. 20(d) shows the cross-sectional structure taken on
line XXD-XXD of FIG. 19.

[0181] First, as shown in FIG. 17(a), a trapping film
51 that is made of a multilayer film composed of, for ex-
ample, a silicon oxide film, a silicon nitride film and a
silicon oxide film and has a thickness of 30 nm in total
is deposited in a memory device formation region on a
semiconductor substrate 50 of a silicon substrate. Then,
as shown in FIG. 17(b), a first polysilicon film 52 that is
doped with, for example, 1 x 1020 cm-3 through 1 x 1021
cm-3 of phosphorus and has a thickness of 150 nm
through 300 nm is deposited on the trapping film 51.
[0182] Next, the first polysilicon film 52 and the trap-
ping film 51 are selectively etched by using, as a mask,
a first resist pattern (omitted in the drawings) extending
along the bit line direction, so as to pattern the first poly-
silicon film 52 and the trapping film 51.

[0183] Then, as shown in FIG. 17(d), ions of a p-type
impurity such as boron are implanted into the semicon-
ductor substrate 50 at 20 keV through 50 keV and 1 x
1012 cm2 through 1 x 1013 cm2 by using the pattern of
the first polysilicon film 52 as a mask, so as to form a p-
type impurity diffusion layer 563. Thereafter, ions of an n-
type impurity such as arsenic are implanted into the
semiconductor substrate 50 at 20 keV through 50 keV
and 1 x 10" cm2 through 1 x 1075 cm2 by using the
pattern of the first polysilicon film 52 as a mask, so as
to from an n-type low concentration impurity diffusion
layer 54.

[0184] Next, as shown in FIG. 18(a), after depositing
a silicon oxide film with a thickness of, for example, 50
nm through 200 nm over the semiconductor substrate
50, the silicon oxide film is etched back, so as to form a
sidewall insulating film 55 on the side face of the pattern
of the first polysilicon film 52.

[0185] Then, as showninFIG. 18(b), ions of an n-type
impurity are implanted into the semiconductor substrate
50 at, for example, 1 x 1015 cm2 through 1 x 1016 cm=2
by using the pattern of the first polysilicon film 52 and
the sidewall insulating film 55 as a mask, so as to form
an n-type high concentration impurity diffusion layer 56
working as a bit line.

[0186] Next, as shown in FIG. 18(c), after depositing
a silicon oxide film over the semiconductor substrate 50,
the silicon oxide film is subjected to, for example, the
CMP or etch back, so as to remove a portion of the sil-
icon oxide film present on the pattern of the first polysil-
icon film 52. Thus, a buried insulating film 57 is formed
between the sidewall insulating films 55 opposing each
other and on the high concentration impurity diffusion
layer 56. In this case, the top faces of the pattern of the
first polysilicon film 52 and the buried insulating film 57
are at substantially the same level.

[0187] Then, as shown in FIG. 18(d), a second poly-
silicon film 58 doped with, for example, 1 x 1020 cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited on the pat-
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tern of the first polysilicon film 52 and the buried insu-
lating film 57.

[0188] Next, the second polysilicon film 58 and the
pattern of the first polysilicon film 52 are selectively
etched by using, as a mask, a second resist pattern
(omitted in the drawings) extending along the word line
direction. Thus, as shown in FIGS. 19 and 20(a) through
20(d), a gate electrode made of a pattern of the second
polysilicon film 58 and a pattern of the first polysilicon
film 52 is formed.

[0189] According to Embodiment 5, the n-type low
concentration impurity diffusion layer 54 is formed by im-
planting the impurity ions after exposing the semicon-
ductor substrate 50 in a portion to be used as the bit line
by patterning the first polysilicon film 52 and the trapping
film 51. Therefore, as compared with the case where the
ion implantation is performed with the trapping film 51
remaining (see FIG. 9(d)), the acceleration energy of the
ion implantation can be lowered. In other words, in the
case where the trapping film made of the multilayer film
composed of a silicon oxide film, a silicon nitride film and
a silicon oxide film and having a thickness of 30 nm re-
mains as in Embodiment 3, the acceleration energy of
60 keV or more is necessary. However, when the trap-
ping film has been removed, the acceleration energy
can be lowered to the lower limit of the acceleration en-
ergy of the ion implanter (which is currently approxi-
mately 10 keV).

[0190] Although the n-type low concentration impurity
diffusion layer 54 is formed through the ion implantation
in Embodiment 5, it may be formed through a plasma
doping method or a solid state diffusion method instead.
[0191] Also, although a polysilicon film doped with an
impurity is deposited as each of the first polysilicon film
52 and the second polysilicon film 58 in Embodiment 5,
instead, a polysilicon film not doped with an impurity can
be first deposited so as to be doped with an impurity
afterward.

[0192] Furthermore, each of the first polysilicon film
52 and the second polysilicon film 58 of Embodiment 5
may be replaced with an amorphous silicon film.
[0193] Moreover, although an n-type memory device
is formed in Embodiment 5, a p-type memory device
may be formed instead.

(EMBODIMENT 6)

[0194] A semiconductor memory and a method for
fabricating the same according to Embodiment 6 of the
invention will now be described with reference to FIGS.
21(a) through 21(d), 22(a) through 22(d), 23(a) through
23(d), 24 and 25(a) through 25(d). FIG. 25(a) shows the
cross-sectional structure taken on line XXVA-XXVA of
FIG. 24, FIG. 25(b) shows the cross-sectional structure
taken on line XXVB-XXVB of FIG. 24, FIG. 25(c) shows
the cross-sectional structure taken on line XXVC-XXVC
of FIG. 24 and FIG. 25(d) shows the cross-sectional
structure taken on line XXVD-XXVD of FIG. 24.
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[0195] First, as shown in FIG. 21(a), a trapping film
61 that is made of a multilayer film composed of, for ex-
ample, a silicon oxide film, a silicon nitride film and a
silicon oxide film and has a thickness of 30 nm in total
is deposited in a memory device formation region on a
semiconductor substrate 60 of a silicon substrate. Then,
as shown in FIG. 21(b), a first polysilicon film 62 that is
doped with, for example, 1 x 1020 ¢cm-3 through 1 x 1021
cm-3 of phosphorus and has a thickness of 150 nm
through 300 nm is deposited on the trapping film 61.
[0196] Next, as shown in FIG. 21(c), the first polysili-
con film 62 is selectively etched by using, as a mask, a
first resist pattern 63 extending along the bit line direc-
tion, so as to pattern the first polysilicon film 62. In this
etching, the trapping film 61 is preferably allowed to re-
main for protecting the surface of the semiconductor
substrate 60 in impurity implantation subsequently per-
formed.

[0197] Then, as shownin FIG. 21(d), ions of an n-type
impurity are implanted into the semiconductor substrate
60 at, for example, 1 x 1015 cm2 through 1 x 1016 ¢cm-2
by using the first resist pattern 63 as a mask, so as to
form an n-type high concentration impurity diffusion lay-
er 64 working as a bit line.

[0198] Next, as shown in FIG. 22(a), after depositing
a silicon oxide film over the semiconductor substrate 60,
the silicon oxide film is subjected to, for example, the
CMP or etch back, so as to remove a portion of the sil-
icon oxide film present on the pattern of the first polysil-
icon film 62. Thus, a buried insulating film 65 is formed
between the patterns of the first polysilicon film 62 and
on the high concentration impurity diffusion layer 64. In
this case, the top faces of the pattern of the first polysil-
icon film 62 and the buried insulating film 65 are at sub-
stantially the same level.

[0199] Then, as shown in FIG. 22(b), a second poly-
silicon film 66 doped with, for example, 1 x 1020 cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited on the pat-
tern of the first polysilicon film 62 and the buried insu-
lating film 65.

[0200] Next, as shown in FIGS. 22(c) and 22(d), the
second polysilicon film 66 and the pattern of the first
polysilicon film 62 are selectively etched by using, as a
mask, a second resist pattern (omitted in the drawings)
extending along the word line direction. It is noted that
FIG. 22(c) shows the cross-sectional structure taken on
line XXVA-XXVA of FIG. 24 and FIG. 22(d) shows the
cross-sectional structure taken on line XXVB-XXVB of
FIG. 24.

[0201] Then, as shownin FIGS. 23(a) and 23(b), after
depositing a silicon oxide film over the semiconductor
substrate 60, the silicon oxide film is etched back, so as
to form a sidewall insulating film 67 on the side faces of
the buried insulating film 65 and the patterns of the first
and second polysilicon films 62 and 66 (see FIGS. 25
(c) and 25(d)). In this manner, a portion of the semicon-
ductor substrate 60 outside the high concentration im-
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purity diffusion layer 64 is covered with the buried insu-
lating film 65 and the sidewall insulating film 67. It is not-
ed that FIG. 23(a) shows the cross-sectional structure
taken on line XXVA-XXVA of FIG. 24 and FIG. 23(b)
shows the cross-sectional structure taken on line
XXVB-XXVB of FIG. 24.

[0202] Next, as shown in FIGS. 23(c) and 23(d), after
depositing a cobalt film over the semiconductor sub-
strate 60, the annealing is performed, so as to form a
silicide layer 68 in a surface portion of the pattern of the
second polysilicon film 66 and in a surface portion of the
semiconductor substrate 60 exposed from the buried in-
sulating film 65 and the sidewall insulating film 67. Thus,
as shown in FIGS. 24 and 25(a) through 25(d), a gate
electrode made of a pattern of the second polysilicon
film 66 having the silicide layer 68 in the surface portion
thereof and a pattern of the first polysilicon film 62 is
formed.

[0203] According to Embodiment 6, since the silicide
layer 68 is formed in the surface portion of the second
polysilicon film 66 included in the gate electrode, the re-
sistance of the gate electrode can be lowered.

[0204] In this case, the silicide layer 68 is formed after
covering the portion of the semiconductor substrate 60
outside the high concentration impurity diffusion layer
64 with the buried insulating film 65 and the sidewall in-
sulating film 67 by forming the sidewall insulating film
67 on the side face of the buried insulating film 65.
Therefore, the high concentration impurity diffusion lay-
ers 64 can be prevented from short-circuited through the
silicide layer 68 formed in the surface portion of the sem-
iconductor substrate 60 (see FIG. 25(b)).

[0205] Although the first resist pattern 63 is used as
the mask for forming the high concentration impurity dif-
fusion layer 64 in Embodiment 6, the pattern of the first
polysilicon film 62 may be used instead with the first re-
sist pattern 63 removed.

[0206] Also, although a polysilicon film doped with an
impurity is deposited as each of the first polysilicon film
62 and the second polysilicon film 66 in Embodiment 6,
instead, a polysilicon film not doped with an impurity can
be first deposited so as to be doped with an impurity
afterward.

[0207] Furthermore, each of the first polysilicon film
62 and the second polysilicon film 66 of Embodiment 6
may be replaced with an amorphous silicon film.
[0208] Furthermore, although the silicide layer 68 is
formed by depositing the cobalt film, the cobalt film may
be replaced with a single-layer film of a titanium film, a
nickel film or a platinum film, or a multilayer film com-
posed of any of these films.

[0209] Moreover, although an n-type memory device
is formed in Embodiment 6, a p-type memory device
may be formed instead.

(EMBODIMENT 7)

[0210] A semiconductor memory and a method for
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fabricating the same according to Embodiment 7 of the
invention will now be described with reference to FIGS.
26(a) through 26(d), 27(a) through 27(d), 28(a) through
28(d), 29 and 30(a) through 30(d). FIG. 30(a) shows the
cross-sectional structure taken on line XXXA-XXXA of
FIG. 29, FIG. 30(b) shows the cross-sectional structure
taken on line XXXB-XXXB of FIG. 29, FIG. 30(c) shows
the cross-sectional structure taken on line XXXC-XXXC
of FIG. 29 and FIG. 30(d) shows the cross-sectional
structure taken on line XXXD-XXXD of FIG. 29.

[0211] First, as shown in FIG. 26(a), a trapping film
71 that is made of a multilayer film composed of, for ex-
ample, a silicon oxide film, a silicon nitride film and a
silicon oxide film and has a thickness of 30 nm in total
is deposited in a memory device formation region on a
semiconductor substrate 70 of a silicon substrate. Then,
as shown in FIG. 26(b), a first polysilicon film 72 that is
doped with, for example, 1 x 1020 ¢cm 3 through 1 x 1021
cm=3 of phosphorus and has a thickness of 150 nm
through 300 nm is deposited on the trapping film 71.
[0212] Next, as shown in FIG. 26(c), the first polysili-
con film 72 is selectively etched by using, as a mask, a
first resist pattern 73 extending along the bit line direc-
tion, so as to pattern the first polysilicon film 72.

[0213] Then, as shownin FIG. 26(d), ions of an n-type
impurity are implanted into the semiconductor substrate
70 at, for example, 1 x 1015 cm2 through 1 x 1016 cm-2
by using the first resist pattern 73 as a mask, so as to
form an n-type high concentration impurity diffusion lay-
er 74 working as a bit line.

[0214] Next, as shown in FIG. 27(a), after depositing
a silicon oxide film over the semiconductor substrate 70,
the silicon oxide film is subjected to, for example, the
CMP or etch back, so as to remove a portion of the sil-
icon oxide film present on the pattern of the first polysil-
icon film 72. Thus, a first buried insulating film 75 is
formed between the patterns of the first polysilicon film
72 and on the high concentration impurity diffusion layer
74. In this case, the top faces of the pattern of the first
polysilicon film 72 and the first buried insulating film 75
are at substantially the same level.

[0215] Then, as shown in FIG. 27(b), a second poly-
silicon film 76 doped with, for example, 1 x 1020 cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited on the pat-
tern of the first polysilicon film 72 and the first buried
insulating film 75.

[0216] Next, as shown in FIGS. 27(c) and 27(d), the
second polysilicon film 76 and the pattern of the first
polysilicon film 72 are selectively etched by using, as a
mask, a second resist pattern (omitted in the drawings)
extending along the word line direction. It is noted that
FIG. 27(c) shows the cross-sectional structure taken on
line XXXA-XXXA of FIG. 29 and FIG. 27(d) shows the
cross-sectional structure taken on line XXXB-XXXB of
FIG. 29.

[0217] Then, as shown in FIGS. 28(a) and 28(b), after
depositing a silicon oxide film over the semiconductor
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substrate 70, the silicon oxide film is subjected to, for
example, the CMP or etch back, so as to form a second
buried insulating film 77 by removing a portion of the
silicon oxide film present on the pattern of the second
polysilicon film 76. The second buried insulating film 77
completely covers the first buried insulating film 75, and
the top face of the second buried insulating film 77 is at
substantially the same level as the top face of the pattern
of the second polysilicon film 76. It is noted that FIG. 28
(a) shows the cross-sectional structure taken on line
XXXA-XXXA of FIG. 29 and FIG. 28(b) shows the cross-
sectional structure taken on line XXXB-XXXB of FIG. 29.
[0218] Next; as shown in FIGS. 28(c) and 28(d), after
depositing a cobalt film over the semiconductor sub-
strate 70, the annealing is performed, so as to form a
silicide layer 78 in a surface portion of the pattern of the
second polysilicon film 76. Thus, as shown in FIGS. 29
and 30(a) through 30(d), a gate electrode made of a pat-
tern of the second polysilicon film 76 having the silicide
layer 78 in the surface portion thereof and a pattern of
the first polysilicon film 72 is formed.

[0219] Although the first resist pattern 73 is used as
the mask for forming the high concentration impurity dif-
fusion layer 74 in Embodiment 7, the pattern of the first
polysilicon film 72 may be used instead with the first re-
sist pattern 73 removed.

[0220] Also, although a polysilicon film doped with an
impurity is deposited as each of the first polysilicon film
72 and the second polysilicon film 76 in Embodiment 7,
instead, a polysilicon film not doped with an impurity can
be first deposited so as to be doped with an impurity
afterward.

[0221] Furthermore, each of the first polysilicon film
72 and the second polysilicon film 76 of Embodiment 7
may be replaced with an amorphous silicon film.
[0222] Furthermore, although the silicide layer 78 is
formed by depositing the cobalt film, the cobalt film may
be replaced with a titanium film, a nickel film or a plati-
num film.

[0223] Moreover, although an n-type memory device
is formed in Embodiment 7, a p-type memory device
may be formed instead.

(EMBODIMENT 8)

[0224] A semiconductor memory and a method for
fabricating the same according to Embodiment 8 of the
invention will now be described with reference to FIGS.
31(a) through 31(c), 32(a) through 32(c), 33(a) through
33(d), 34 and 35(a) through 35(d). FIG. 35(a) shows the
cross-sectional structure taken on line XXXVA-XXXVA
of FIG. 34, FIG. 35(b) shows the cross-sectional struc-
ture taken on line XXXVB-XXXVB of FIG. 34, FIG. 35
(c) shows the cross-sectional structure taken on line
XXXVC-XXXVC of FIG. 34 and FIG. 35(d) shows the
cross-sectional structure taken on line XXXVD-XXXVD
of FIG. 34.

[0225] First, as shown in FIG. 31(a), a trapping film
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81 that is made of a multilayer film composed of, for ex-
ample, a silicon oxide film, a silicon nitride film and a
silicon oxide film and has a thickness of 30 nm in total
is deposited in a memory device formation region on a
semiconductor substrate 80 of a silicon substrate. Then,
as shown in FIG. 31(b), a polysilicon film 82 that is
doped with, for example, 1 x 1020 ¢cm-3 through 1 x 1021
cm-3 of phosphorus and has a thickness of 150 nm
through 300 nm is deposited on the trapping film 81.
[0226] Next, as shown in FIG. 31(c), the polysilicon
film 82 is selectively etched by using, as a mask, a first
resist pattern 83 extending along the bit line direction,
so as to pattern the polysilicon film 82.

[0227] Then, as shownin FIG. 32(a), ions of an n-type
impurity are implanted into the semiconductor substrate
80 at, for example, 1 x 1015 cm2 through 1 x 1016 cm-2
by using the first resist pattern 83 as a mask, so as to
form an n-type high concentration impurity diffusion lay-
er 84 working as a bit line.

[0228] Next, as shown in FIG. 32(b), after depositing
a silicon oxide film over the semiconductor substrate 80,
the silicon oxide film is subjected to, for example, the
CMP or etch back, so as to remove a portion of the sil-
icon oxide film present on the pattern of the first polysil-
icon film 82. Thus, a buried insulating film 85 is formed
between the patterns of the first polysilicon film 82 and
on the high concentration impurity diffusion layer 84. In
this case, the top faces of the pattern of the first polysil-
icon film 82 and the buried insulating film 85 are at sub-
stantially the same level.

[0229] Then, as shown in FIG. 32(c), a metal film 86
of, for example, a tungsten film with a thickness of 150
nm and a covering insulating film 87 of, for example, a
silicon nitride film with a thickness of 100 nm are suc-
cessively deposited over the semiconductor substrate
80.

[0230] Next, as shown in FIGS. 33(a) and 33(b), the
covering insulating film 87, the metal film 86 and the pat-
tern of the polysilicon film 82 are selectively etched by
using, as a mask, a second resist pattern (omitted in the
drawings) extending along the word line direction. It is
noted that FIG. 33(a) shows the cross-sectional struc-
ture taken on line XXXVA-XXXVA of FIG. 34 and FIG.
33(b) shows the cross-sectional structure taken on line
XXXVB-XXXVB of FIG. 34.

[0231] Then, as shownin FIGS. 33(c) and 33(d), after
depositing a silicon oxide film over the semiconductor
substrate 80, the silicon oxide film is etched back, so as
to form a sidewall insulating film 88 on the side faces of
the buried insulating film 85 and the side faces of the
patterns of the covering insulating film 87, the metal film
86 and the polysilicon film 82 (see FIGS. 35(c) and 35
(d)). Itis noted that FIG. 33(c) shows the cross-sectional
structure taken on line XXXVA-XXXVA of FIG. 34 and
FIG. 33(d) shows the cross-sectional structure taken on
line XXXVB-XXXVB of FIG. 34.

[0232] In this manner, as shown in FIGS. 34 and 35
(a) through 35(d), the side face of the pattern of the met-
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al film 86 is covered with the sidewall insulating film 88
and the high concentration impurity diffusion layer 84 is
covered with the buried insulating film 85 and the side-
wall insulating film 88. Also, a gate electrode made of a
pattern of the polysilicon film 82 and a pattern of the met-
al film 86 is formed.

[0233] According to Embodiment 8, since the cover-
ing insulating film 87 is formed on the metal film 86, the
metal film 86 is minimally peeled off from the polysilicon
film 82.

[0234] Although the first resist pattern 83 is used as
the mask for forming the high concentration impurity dif-
fusion layer 84 in Embodiment 8, the pattern of the poly-
silicon film 82 may be used instead with the first resist
pattern 83 removed.

[0235] Also, although a polysilicon film doped with an
impurity is deposited as the polysilicon film 82 in Em-
bodiment 8, instead, a polysilicon film not doped with an
impurity can be first deposited so as to be doped with
an impurity afterward.

[0236] Furthermore, the polysilicon film 82 of Embod-
iment 8 may be replaced with an amorphous silicon film.
[0237] Also, although the metal film 88 of a tungsten
film is deposited in Embodiment 8, the tungsten film may
be replaced with a titanium film or a silicide film.
[0238] Moreover, although an n-type memory device
is formed in Embodiment 8, a p-type memory device
may be formed instead.

(EMBODIMENT 9)

[0239] A semiconductor memory and a method for
fabricating the same according to Embodiment 9 of the
invention will now be described with reference to FIGS.
36(a) through 36(d), 37(a) through 37(c), 38 and 39(a)
through 39(d). FIG. 39(a) shows the cross-sectional
structure taken on line XXIXA-XXIXA of FIG. 38, FIG.
39(b) shows the cross-sectional structure taken on line
XXIXB-XXIXB of FIG. 38, FIG. 39(c) shows the cross-
sectional structure taken on line XXIXC-XXIXC of FIG.
38 and FIG. 39(d) shows the cross-sectional structure
taken on line XXIXD-XXIXD of FIG. 38.

[0240] First, as shown in FIG. 36(a), a tunnel insulat-
ing film 91 of, for example, a silicon oxide film with a
thickness of 6 nm through 15 nm is formed in a memory
device formation region on a semiconductor substrate
90 of a silicon substrate. Then, as shown in FIG. 36(b),
a first polysilicon film 92 that is doped with, for example,
1 x 1020 ¢m-3 through 1 x 102" cm-3 of phosphorus and
has a thickness of 150 nm through 300 nm is deposited
on the tunnel insulating film 91.

[0241] Next, as shown in FIG. 36(c), the first polysili-
con film 92 is selectively etched by using, as a mask, a
first resist pattern 93 extending along the bit line direc-
tion, so as to pattern the first polysilicon film 92.

[0242] Then, as showninFIG. 36(d), ions of an n-type
impurity are implanted into the semiconductor substrate
90 at, for example, 1 x 1015 cm-2 through 1 x 1016 cm-2
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by using the first resist pattern 93 as a mask, so as to
form an n-type high concentration impurity diffusion lay-
er 94 working as a bit line.

[0243] Next, as shown in FIG. 37(a), after depositing
a silicon oxide film over the semiconductor substrate 90,
the silicon oxide film is subjected to, for example, the
CMP or etch back, so as to remove a portion of the sil-
icon oxide film present on the pattern of the first polysil-
icon film 92. Thus, a buried insulating film 95 is formed
between the patterns of the first polysilicon film 92 and
on the high concentration impurity diffusion layer 94. In
this case, the top faces of the pattern of the first polysil-
icon film 92 and the buried insulating film 95 are at sub-
stantially the same level.

[0244] Then, as shown in FIG. 37(b), after depositing
an inter-electrode insulating film 96 made of a multilayer
film composed of, for example, a silicon oxide film, a sil-
icon nitride film and a silicon oxide film on the pattern of
the first polysilicon film 92 and the buried insulating film
95, a second polysilicon film 97 doped with, for example,
1 x 1020 cm-3 through 1 x 1021 cm-3 of phosphorus and
having a thickness of 50 nm through 200 nm is depos-
ited on the inter-electrode insulating film 96.

[0245] Next, the second polysilicon film 97, the inter-
electrode insulating film 96 and the pattern of the first
polysilicon film 92 are selectively etched by using a sec-
ond resist pattern (omitted in the drawings) extending
along the word line direction as a mask. Thus, as shown
in FIGS. 38 and 39(a) through 39(d), a memory device
composed of a gate electrode made of a pattern of the
second polysilicon film 97, a pattern of the inter-elec-
trode insulating film 96 and a floating electrode made of
a pattern of the first polysilicon film 92 is formed.
[0246] According to Embodiment 9, the buried insu-
lating film 95 extending along the bit line direction is pro-
vided above the high concentration impurity diffusion
layer 94 working as a bit line, and the patterns of the
first polysilicon film 92 included in the respective floating
electrodes are isolated from one another by the buried
insulating film 95. Therefore, there is no need to provide
a LOCOS isolation region between memory devices
each composed of a floating electrode, an inter-elec-
trode insulating film and a gate electrode. Although the
patterns of the first polysilicon film 92 are isolated from
one another by the buried insulating film 95, the patterns
of the first polysilicon film 92 are electrically connected
to one another through the second polysilicon film 97,
and hence, there is no particular problem.

[0247] Accordingly, refinement of a semiconductor
memory can be realized by Embodiment 9.

[0248] Although a silicon oxide film is used as the tun-
nel insulating film 91 in Embodiment 9, a nitrided silicon
oxide film may be used instead.

[0249] Although the first resist pattern 93 is used as
the mask for forming the high concentration impurity dif-
fusion layer 94 in Embodiment 9, the pattern of the first
polysilicon film 92 may be used instead with the first re-
sist pattern 93 removed.
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[0250] Also, although a polysilicon film doped with an
impurity is deposited as each of the first polysilicon film
92 and the second polysilicon film 97 in Embodiment 9,
instead, a polysilicon film not doped with an impurity can
be first deposited so as to be doped with an impurity
afterward.

[0251] Furthermore, each of the first polysilicon film
92 and the second polysilicon film 97 of Embodiment 9
may be replaced with an amorphous silicon film.
[0252] Moreover, although an n-type memory device
is formed in Embodiment 9, a p-type memory device
may be formed instead.

[0253] Embodiment 9 is different from Embodiment 1
in the structure of the gate electrode alone and is the
same as Embodiment 1 in the structure of the impurity
diffusion layer working as a bit line and the structure of
the buried insulating film. Therefore, the same effect as
that attained by Embodiment 1 can be attained by Em-
bodiment 9.

[0254] Although not described in detail, the gate elec-
trode of each of Embodiments 2 through 8 can be
formed in a similar structure to that described in Embod-
iment 9. Thus, the same effect as that attained by each
of Embodiments 2 through 8 can be attained.

(EMBODIMENT 10)

[0255] A semiconductor memory and a method for
fabricating the same according to Embodiment 10 of the
invention will now be described with reference to FIGS.
40(a) through 40(d), 41(a) through 41(c), 42(a) through
42(c) and 43(a) through 43(c). In each of these draw-
ings, a left hand side part shows a gate electrode portion
of a memory device formation region, a center part
shows a portion between gate electrodes of the memory
device formation region and a right hand side part shows
a logic circuit region.

[0256] First, as shown in FIG. 40(a), a trench isolation
region 101 is formed in a semiconductor substrate 100
of a silicon substrate. Thereafter, as shown in FIG. 40
(b), a trapping film 102 made of a multilayer film com-
posed of, for example, a silicon oxide film, a silicon ni-
tride film and a silicon oxide film and having a thickness
of 30 nm in total is deposited over the semiconductor
substrate 100.

[0257] Next, as shown in FIG. 40(c), the trapping film
102 is selectively etched by using a first resist pattern
103 as a mask, so as to remove a portion of the trapping
film 102 present in the logic circuit region. Thereafter,
as shown in FIG. 40(d), a surface portion of the semi-
conductor substrate 100 is oxidized so as to form a gate
insulating film 104 with a thickness of, for example, 2
nm through 25 nm in the surface portion of the semicon-
ductor substrate 100 in the logic circuit region.

[0258] Then, as showninFIG. 41(a), a first polysilicon
film 105 doped with, for example 1 x 1020 cm-3 through
1 x 1021 cm3 of phosphorus and having a thickness of
150 nm through 300 nm is deposited over the semicon-
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ductor substrate 100.

[0259] Next, as shown in FIG. 41(b), the first polysil-
icon film 105 is selectively etched by using a second re-
sist pattern (omitted in the drawings) as a mask, so as
to pattern the first polysilicon film 105. Thereafter, ions
of an n-type impurity are implanted into the semiconduc-
tor substrate 100 at, for example, 1 x 101% cm-2 through
1 x 1016 cm2 by using the pattern of the first polysilicon
film 105 as a mask, so as to form, in the memory device
formation region, an n-type high concentration impurity
diffusion layer 106 working as a bit line.

[0260] Then, as shown in FIG. 41(c), after depositing
a silicon oxide film over the semiconductor substrate
100, the silicon oxide film is subjected to, for example,
the CMP or etch back, so as to remove a portion of the
silicon oxide film present on the pattern of the first poly-
silicon film 105. Thus, a buried insulating film 107 is
formed between the patterns of the first polysilicon film
105 and on the high concentration impurity diffusion lay-
er 106. In this case, the top faces of the pattern of the
first polysilicon film 105 and the buried insulating film
107 are at substantially the same level.

[0261] Next, as shown in FIG. 42(a), a second poly-
silicon film 108 doped with, for example, 1 x 1020 cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited on the pat-
tern of the first polysilicon film 105 and the buried insu-
lating film 107.

[0262] Then, as showninFIG. 42(b), the second poly-
silicon film 108 and the pattern of the first polysilicon film
105 are selectively etched by using a third resist pattern
109 as a mask. Thus, a first gate electrode made of a
pattern of the second polysilicon film 108 and a pattern
of the first polysilicon film 105 is formed in the memory
device formation region, and a second gate electrode
made of a pattern of the second polysilicon film 108 and
a pattern of the first polysilicon film 105 is formed in the
logic circuit region.

[0263] Next, as shown in FIG. 42(c), impurity ions are
implanted into the semiconductor substrate 100 by us-
ing the second gate electrode as a mask in the logic cir-
cuit region, so as to form a low concentration impurity
diffusion layer 110.

[0264] Then, as shown in FIG. 43(a), after depositing
a silicon oxide film with a thickness of, for example, 50
nm through 200 nm over the semiconductor substrate
100, the silicon oxide film is etched back. Thus, a side-
wall insulating film 111 is formed on the side face of the
buried insulating film 107 in the memory device region,
and the sidewall insulating film 111 is formed on the side
face of the second gate electrode in the logic circuit re-
gion. Thereafter, the gate insulating film 104 is selec-
tively etched by using the second gate electrode and the
sidewall insulating film 111 as a mask in the logic circuit
region, so as to pattern the gate insulating film 104. In
this case, the trapping film 102 is patterned in the mem-
ory device region.

[0265] Next, as shownin FIG. 43(b), impurity ions are
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selectively implanted into the semiconductor substrate
100 by using the second gate electrode and the sidewall
insulating film 111 as a mask in the logic circuit region,
so as to form high concentration impurity diffusion layers
112 working as source and drain regions.

[0266] Then, as shown in FIG. 43(c), after depositing
a cobalt film over the semiconductor substrate 100, the
annealing is performed, so as to form a silicide layer 113
in a surface portion of the first gate electrode in the mem-
ory device region and form the silicide layer 113 in a
surface portion of the second gate electrode in the logic
circuit region. Thus, a semiconductor device according
to Embodiment 10 is obtained.

[0267] According to Embodiment 10, the first elec-
trode included in a memory device and the second gate
electrode of a transistor included in a logic circuit are
formed in the same procedure, and therefore, the
number of procedures can be reduced.

[0268] Also, since the silicide layer 113 formed in the
surface portion of the first gate electrode and the silicide
layer 113 formed in the surface portion of the second
gate electrode can be formed in the same procedure,
the number of procedures can be reduced.

[0269] Furthermore, since the sidewall insulating film
111 formed on the side face of the buried insulating film
107 in the memory device region and the sidewall insu-
lating film 111 formed on the side face of the second
gate electrode of the transistor included in the logic cir-
cuit can be formed in the same procedure, the number
of procedures can be reduced.

[0270] Although a polysilicon film doped with an im-
purity is deposited as each of the first polysilicon film
105 and the second polysilicon film 108 in Embodiment
10, instead, a polysilicon film not doped with an impurity
can be first deposited to be doped with an impurity af-
terward.

[0271] Furthermore, each of the first polysilicon film
105 and the second polysilicon film 108 of Embodiment
10 may be replaced with an amorphous silicon film.
[0272] Moreover, although an n-type memory device
is formed in Embodiment 10, a p-type memory device
may be formed instead.

(EMBODIMENT 11)

[0273] A semiconductor memory and a method for
fabricating the same according to Embodiment 11 of the
invention will now be described with reference to FIGS.
44(a) through 44(d), 45(a) through 45(c), 46(a) through
46(c), 47(a) through 47(c), 48(a) and 48(b). In each of
these drawings, a left hand side part shows a gate elec-
trode portion of a memory device formation region, a
center part shows a portion between gate electrodes of
the memory device formation region and a right hand
side part shows a logic circuit region.

[0274] First, as shown in FIG. 44(a), a trench isolation
region 121 is formed in a semiconductor substrate 120
of a silicon substrate. Thereafter, as shown in FIG. 44
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(b), a trapping film 122 made of a multilayer film com-
posed of, for example, a silicon oxide film, a silicon ni-
tride film and a silicon oxide film and having a thickness
of 30 nm in total is deposited over the semiconductor
substrate 120.

[0275] Next, as shown in FIG. 44(c), the trapping film
122 is selectively etched by using a first resist pattern
123 as a mask, so as to remove a portion of the trapping
film 122 present in the logic circuit region. Thereafter,
as shown in FIG. 45(a), a surface portion of the semi-
conductor substrate 120 is oxidized so as to form a gate
insulating film 124 with a thickness of, for example, 2
nm through 25 nm in the surface portion of the semicon-
ductor substrate 120 in the logic circuit region.

[0276] Then, as shown in FIG. 45(b), a polysilicon film
125 doped with, for example, 1 x 1020 ¢cm-3 through 1 x
1021 cm-3 of phosphorus and having a thickness of 150
nm through 300 nm is deposited over the semiconductor
substrate 120.

[0277] Next, as shown in FIG. 45(c), the polysilicon
film 125 is selectively etched by using a second resist
pattern (omitted in the drawings) as a mask, so as to
pattern the polysilicon film 125. Thereafter, ions of an n-
type impurity are implanted into the semiconductor sub-
strate 120 at, for example, 1 x 101% cm-2 through 1 x
1016 cm2 by using the pattern of the polysilicon film 125
as a mask, so as to form, in the memory device forma-
tion region, an n-type high concentration impurity diffu-
sion layer 126 working as a bit line.

[0278] Then, as shown in FIG. 46(a), after depositing
a silicon oxide film over the semiconductor substrate
120, the silicon oxide film is subjected to, for example,
the CMP or etch back, so as to remove a portion of the
silicon oxide film present on the pattern of the polysilicon
film 125. Thus, a buried insulating film 127 is formed be-
tween the patterns of the polysilicon film 125 and on the
high concentration impurity diffusion layer 126. In this
case, the top faces of the pattern of the polysilicon film
125 and the buried insulating film 127 are at substan-
tially the same level.

[0279] Next, as shown in FIG. 46(b), a metal film 128
of, for example, a tungsten film with a thickness of 150
nm and a covering insulating film 129 of, for example, a
silicon nitride film with a thickness of 100 nm are suc-
cessively deposited over the semiconductor substrate
120.

[0280] Then, as shown in FIG. 46(c), the covering in-
sulating film 129, the metal film 128 and the pattern of
the polysilicon film 125 are selectively etched by using
a third resist pattern 130 as a mask. Thus, a first gate
electrode made of a pattern of the metal film 128 and a
pattern of the polysilicon film 125 is formed in the mem-
ory device formation region, and a second gate elec-
trode made of a pattern of the metal film 128 and a pat-
tern of the polysilicon film 125 is formed in the logic cir-
cuit region.

[0281] Next, as shownin FIG. 47(b), impurity ions are
implanted into the semiconductor substrate 120 by us-
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ing the second gate electrode as a mask in the logic cir-
cuit region, so as to form a low concentration impurity
diffusion layer 130.

[0282] Then, as shown in FIG. 47(c), after depositing
a silicon oxide film with a thickness of, for example, 50
nm through 200 nm over the semiconductor substrate
120, the silicon oxide film is etched back. Thus, a side-
wall insulating film 131 is formed on the side face of the
buried insulating film 127 in the memory device region,
and the sidewall insulating film 131 is formed on the side
face of the second gate electrode in the logic circuit re-
gion. Thereafter, the gate insulating film 124 is selec-
tively etched by using the second gate electrode and the
sidewall insulating film 131 as a mask in the logic circuit
region, so as to pattern the gate insulating film 124. In
this case, the trapping film 122 is patterned in the mem-
ory device region.

[0283] Next, as shown in FIG. 48(a), impurity ions are
selectively implanted into the semiconductor substrate
120 by using the second gate electrode and the sidewall
insulating film 131 as a mask in the logic circuit region,
so as to form high concentration impurity diffusion layers
132 working as source and drain regions.

[0284] Then, as shown in FIG. 48(b), after depositing
a cobalt film over the semiconductor substrate 120, the
annealing is performed, so as to form a silicide layer 133
in a surface portion of the high concentration impurity
diffusion layers 132. Thus, a semiconductor device ac-
cording to Embodiment 11 is obtained. In this case, the
silicide layer 133 is formed also between the gate elec-
trodes in the memory device region.

[0285] According to Embodiment 11, the first elec-
trode with a polymetal structure included in the memory
device and the second gate electrode with a polymetal
structure of a transistor included in the logic circuit are
formed in the same procedure, and therefore, the
number of procedures can be reduced.

[0286] Although a polysilicon film doped with an im-
purity is deposited as the polysilicon film 125 in Embod-
iment 11, instead, a polysilicon film not doped with an
impurity can be first deposited to be doped with an im-
purity afterward.

[0287] Furthermore, the polysilicon film 125 of Em-
bodiment 11 may be replaced with an amorphous silicon
film.

[0288] Moreover, although an n-type memory device
is formed in Embodiment 11, a p-type memory device
may be formed instead.

(EMBODIMENT 12)

[0289] A semiconductor memory and a method for
fabricating the same according to Embodiment 12 of the
invention will now be described with reference to FIGS.
49(a) through 40(c), 50(a) through 50(c), 51(a) through
51(c), 52(a) through 52(c) and 53(a) through 53(c). In
each of these drawings, a left hand side part shows a
gate electrode portion of a memory device formation re-
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gion, a center part shows a portion between gate elec-
trodes of the memory device formation region and a right
hand side part shows a logic circuit region.

[0290] First, as shownin FIG. 49(a), a trench isolation
region 141 is formed in a semiconductor substrate 140
of a silicon substrate. Thereafter, as shown in FIG. 49
(b), a trapping film 142 made of a multilayer film com-
posed of, for example, a silicon oxide film, a silicon ni-
tride film and a silicon oxide film and having a thickness
of 30 nm in total is deposited over the semiconductor
substrate 140.

[0291] Then, as shownin FIG. 49(c), afirst polysilicon
film 143 doped with, for example, 1 x 1020 cm-3 through
1 x 1021 cm3 of phosphorus and having a thickness of
150 nm through 300 nm is deposited over the semicon-
ductor substrate 140.

[0292] Next, as shown in FIG. 50(a), the first polysili-
con film 143 is selectively etched by using a first resist
pattern (omitted in the drawings) as a mask, so as to
pattern the first polysilicon film 143. Thereafter, ions of
an n-type impurity are implanted into the semiconductor
substrate 140 at, for example, 1 x 1015 cm-2 through 1
x 1016 ¢cm-2 by using the pattern of the first polysilicon
film 143 as a mask, so as to form, in the memory device
formation region, an n-type high concentration impurity
diffusion layer 144 working as a bit line.

[0293] Then, as shown in FIG. 50(c), after depositing
a silicon oxide film over the semiconductor substrate
140, the silicon oxide film is subjected to, for example,
the CMP or etch back, so as to remove a portion of the
silicon oxide film present on the pattern of the first poly-
silicon film 143. Thus, a buried insulating film 145 is
formed between the patterns of the first polysilicon film
143 and on the high concentration impurity diffusion lay-
er 144. In this case, the top faces of the pattern of the
first polysilicon film 143 and the buried insulating film
144 are at substantially the same level.

[0294] Next, as shown in FIG. 50(c), a protection film
146 of, for example, a silicon nitride film with a thickness
of 100 nm is deposited on the pattern of the first polysil-
icon film 143 and the buried insulating film 145.

[0295] Then, as shown in FIG. 51(a), the protection
film 146, the patterns of the first polysilicon film 143 and
the trapping film 142 are successively removed in the
logic circuit region. Thereafter, as shown in FIG. 51(b),
a surface portion of the semiconductor substrate 140 is
oxidized, so as to form a gate insulating film 147 with a
thickness of, for example, 2 nm through 25 nm.

[0296] Next, as shown in FIG. 51(c), a second poly-
silicon film 148 doped with, for example, 1 x 1020 cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited over the
semiconductor substrate 140.

[0297] Then, as shownin FIG. 52(a), the second poly-
silicon film 148 and the pattern of the first polysilicon film
143 are selectively etched by using a first resist pattern
149 as a mask. Thus, a first gate electrode made of a
pattern of the second polysilicon film 148 and a pattern
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of the first polysilicon film 143 is formed in the memory
device region.

[0298] Next, as shownin FIG. 52(b), the second poly-
silicon film 147 is selectively etched by using a second
resist pattern 150 as a mask. Thus, a second gate elec-
trode made of a pattern of the second polysilicon film
148 is formed in the logic circuit region.

[0299] Then, as shown in FIG. 52(c), after removing
the second resist pattern 150, impurity ions are implant-
ed into the semiconductor substrate 140 by using the
second gate electrode as a mask in the logic circuit re-
gion, so as to form a low concentration impurity diffusion
layer 151.

[0300] Then, as shown in FIG. 53(a), after depositing
a silicon oxide film with a thickness of, for example, 50
nm through 200 nm over the semiconductor substrate
140, the silicon oxide film is etched back. Thus, a side-
wall insulating film 152 is formed on the side face of the
buried insulating film 145 in the memory device region,
and the sidewall insulating film 152 is formed on the side
face of the second gate electrode in the logic circuit re-
gion. Thereafter, the gate insulating film 147 is selec-
tively etched by using the second gate electrode and the
sidewall insulating film 152 as a mask in the logic circuit
region, so as to pattern the gate insulating film 147. In
this case, the trapping film 142 is patterned in the mem-
ory device region.

[0301] Next, as shownin FIG. 53(b), impurity ions are
selectively implanted into the semiconductor substrate
140 by using the second gate electrode and the sidewall
insulating film 152 as a mask in the logic circuit region,
so as to form high concentration impurity diffusion layers
153 working as source and drain regions.

[0302] Then, as shown in FIG. 53(c), after depositing
a cobalt film over the semiconductor substrate 140, the
annealing is performed, so as to form a silicide layer 154
in a surface portion of the first gate electrode in the mem-
ory device region and form the silicide layer 154 in a
surface portion of the second gate electrode in the logic
circuit region. Thus, a semiconductor device according
to Embodiment 12 is obtained.

[0303] According to Embodiment 12, since the sec-
ond gate electrode of a transistor included in the logic
circuit is made of a pattern of the second polysilicon film
147 alone, the second gate electrode can be refined.
[0304] Although a polysilicon film doped with an im-
purity is deposited as each of the first polysilicon film
143 and the second polysilicon film 147 in Embodiment
12, instead, a polysilicon film not doped with an impurity
can be first deposited to be doped with an impurity af-
terward.

[0305] Furthermore, each of the first polysilicon film
143 and the second polysilicon film 147 of Embodiment
12 may be replaced with an amorphous silicon film.
[0306] Moreover, although an n-type memory device
is formed in Embodiment 12, a p-type memory device
may be formed instead.

EP 1 385 213 A1

10

15

20

25

30

35

40

45

50

55

23

44
(EMBODIMENT 13)

[0307] A semiconductor memory and a method for
fabricating the same according to Embodiment 13 of the
invention will now be described with reference to FIGS.
54(a) through 54(c), 55(a) through 55(c), 56(a) through
56(c), 57(a) through 57(c) and 58(a) through 58(c). In
each of these drawings, a left hand side part shows a
gate electrode portion of a memory device formation re-
gion, a center part shows a portion between gate elec-
trodes of the memory device formation region and a right
hand side part shows a logic circuit region.

[0308] First, as shownin FIG. 54(a), a trench isolation
region 161 is formed in a semiconductor substrate 160
of a silicon substrate. Thereafter, as shown in FIG. 54
(b), a tunnel insulating film 162 of, for example, a silicon
oxide film and having a thickness of 6 nm through 15
nm is deposited over the semiconductor substrate 160.
[0309] Next, a first polysilicon film 163 doped with, for
example, 1 x 1020 cm-3 through 1 x 102! cm-3 of phos-
phorus and having a thickness of 150 nm through 300
nm is deposited over the semiconductor substrate 160.
[0310] Next, as shown in FIG. 55(a), after patterning
the first polysilicon film 163, ions of an n-type impurity
are implanted into the semiconductor substrate 160 at,
for example, 1 x 1015 cm2 through 1 x 1016 cm™2 by us-
ing the pattern of the first polysilicon film 163 as a mask,
so as to form, in the memory device formation region,
an n-type high concentration impurity diffusion layer 164
working as a bit line.

[0311] Then, as shown in FIG. 55(b), after depositing
a silicon oxide film over the semiconductor substrate
160, the silicon oxide film is subjected to, for example,
the CMP or etch back, so as to remove a portion of the
silicon oxide film present on the pattern of the first poly-
silicon film 163. Thus, a buried insulating film 165 is
formed between the patterns of the first polysilicon film
163 and on the high concentration impurity diffusion lay-
er 164. In this case, the top faces of the pattern of the
first polysilicon film 163 and the buried insulating film
164 are at substantially the same level.

[0312] Next, as shown in FIG. 55(c), an inter-elec-
trode insulating film 166 made of a multilayer film com-
posed of, for example, a silicon oxide film, a silicon ni-
tride film and a silicon oxide film is deposited.

[0313] Then, as shown in FIG. 56(a), the inter-elec-
trode insulating film 166, the pattern of the first polysili-
con film 163 and the tunnel insulating film 162 are suc-
cessively removed in the logic circuit region. Thereafter,
as shown in FIG. 56(b), a surface portion of the semi-
conductor substrate 160 is oxidized, so as to form a gate
insulating film 167 with a thickness of, for example, 2
nm through 25 nm.

[0314] Next, as shown in FIG. 56(c), a second poly-
silicon film 168 doped with, for example, 1 x 1020 cm-3
through 1 x 1021 cm-3 of phosphorus and having a thick-
ness of 50 nm through 200 nm is deposited over the
semiconductor substrate 160.
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[0315] Then, as shownin FIG. 57(a), the second poly-
silicon film 168 and the pattern of the first polysilicon film
163 are selectively etched by using a first resist pattern
169 as a mask. Thus, a memory device composed of a
first gate electrode made of a pattern of the second poly-
silicon film 168, a pattern of the inter-electrode insulat-
ing film 166 and a floating electrode made of a pattern
of the first polysilicon film 163 is formed in the memory
device region.

[0316] Next, as shownin FIG. 57(b), the second poly-
silicon film 168 is selectively etched by using a second
resist pattern 170 as a mask, so as to form a second
gate electrode made of a pattern of the second polysil-
icon film 168 in the logic circuit region.

[0317] Then, as shown in FIG. 57(c), after removing
the second resist pattern 170, impurity ions are implant-
ed into the semiconductor substrate 160 by using the
second gate electrode as a mask in the logic circuit re-
gion, so as to form a low concentration impurity diffusion
layer 171.

[0318] Then, as shown in FIG. 58(a), after depositing
a silicon oxide film with a thickness of, for example, 50
nm through 200 nm over the semiconductor substrate
170, the silicon oxide film is etched back. Thus, a side-
wall insulating film 172 is formed on the side face of the
buried insulating film 165 in the memory device region,
and the sidewall insulating film 172 is formed on the side
face of the second gate electrode in the logic circuit re-
gion. Thereafter, the gate insulating film 167 is selec-
tively etched by using the second gate electrode and the
sidewall insulating film 172 as a mask in the logic circuit
region, so as to pattern the gate insulating film 167. In
this case, the tunnel insulating film 162 is patterned in
the memory device region.

[0319] Next, as shown in FIG. 58(b), impurity ions are
selectively implanted into the semiconductor substrate
160 by using the second gate electrode and the sidewall
insulating film 172 as a mask in the logic circuit region,
so as to form high concentration impurity diffusion layers
173 working as source and drain regions.

[0320] Then, as shown in FIG. 58(c), after depositing
a cobalt film over the semiconductor substrate 160, the
annealing is performed, so as to form a silicide layer 174
in a surface portion of the first gate electrode in the mem-
ory device region and form the silicide layer 157 in a
surface portion of the second gate electrode in the logic
circuit region. Thus, a semiconductor device according
to Embodiment 13 is obtained.

[0321] Although a polysilicon film doped with an im-
purity is deposited as each of the first polysilicon film
163 and the second polysilicon film 167 in Embodiment
13, instead, a polysilicon film not doped with an impurity
can be first deposited to be doped with an impurity af-
terward.

[0322] Furthermore, each of the first polysilicon film
163 and the second polysilicon film 167 of Embodiment
13 may be replaced with an amorphous silicon film.
[0323] Moreover, although an n-type memory device
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is formed in Embodiment 13, a p-type memory device
may be formed instead.

[0324] According to Embodiment 13, since the first
gate electrode included in the memory device and the
second gate electrode of a transistor included in the log-
ic circuit can be formed in substantially the same proce-
dure, the number of procedures can be reduced. In this
case, since the second gate electrode is made of a pat-
tern of the second polysilicon film 167 alone, the second
gate electrode can be refined.

[0325] Furthermore, since the silicide layer 174
formed in the surface portion of the first gate electrode
and the silicide layer 174 formed in the surface portion
of the second gate electrode can be formed in the same
procedure, the number of procedures can be reduced.
[0326] Moreover, since the sidewall insulating film
172 formed on the side face of the buried insulating film
165 in the memory device region and the sidewall insu-
lating film 172 formed on the side face of the second
gate electrode of the transistor included in the logic cir-
cuit can be formed in the same procedure, the number
of procedures can be reduced.

[0327] As an embodiment using a memory device
composed of a floating electrode, an inter-electrode in-
sulating film and a gate electrode, merely Embodiment
9 corresponding to Embodiment 1 and Embodiment 13
corresponding to Embodiment 12 are herein described.
Apart from these embodiments, embodiments respec-
tively corresponding to Embodiments 2, 3,4, 5,6 and 7
can be naturally practiced.

[0328] In the case where Embodiment 2 is modified
to correspond to an embodiment using a floating elec-
trode, an inter-electrode insulating film and a gate elec-
trode, a tunnel insulating film is formed instead of the
trapping film 21 and an inter-electrode insulating film is
deposited below the second polysilicon film 26.

[0329] In the case where Embodiment 3 is modified
to correspond to an embodiment using a floating elec-
trode, an inter-electrode insulating film and a gate elec-
trode, a tunnel insulating film is formed instead of the
trapping film 31 and an inter-electrode insulating film is
deposited below the second polysilicon film 38.

[0330] In the case where Embodiment 4 is modified
to correspond to an embodiment using a floating elec-
trode, an inter-electrode insulating film and a gate elec-
trode, a tunnel insulating film is formed instead of the
trapping film 41 and an inter-electrode insulating film is
deposited below the second polysilicon film 49.

[0331] In the case where Embodiment 5 is modified
to correspond to an embodiment using a floating elec-
trode, an inter-electrode insulating film and a gate elec-
trode, a tunnel insulating film is formed instead of the
trapping film 51 and an inter-electrode insulating film is
deposited below the second polysilicon film 58.

[0332] In the case where Embodiment 6 is modified
to correspond to an embodiment using a floating elec-
trode, an inter-electrode insulating film and a gate elec-
trode, a tunnel insulating film is formed instead of the
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trapping film 61 and an inter-electrode insulating film is
deposited below the second polysilicon film 66.

[0333] In the case where Embodiment 7 is modified
to correspond to an embodiment using a floating elec-
trode, an inter-electrode insulating film and a gate elec-
trode, a tunnel insulating film is formed instead of the
trapping film 71 and an inter-electrode insulating film is
deposited below the second polysilicon film 76.

Industrial Applicability

[0334] According to first through third semiconductor
memories and first through sixth methods for fabricating
a semiconductor memory of this invention, a semicon-
ductor memory can be refined and the resistance of a
bit line can be lowered as well as the salicide processing
can be performed on a gate electrode.

Claims
1. A semiconductor memory comprising:

a pair of impurity diffusion layers spaced from
each other and formed in surface portions of a
semiconductor substrate;

a trapping film formed in a portion sandwiched
between said pair of impurity diffusion layers on
said semiconductor substrate;

a gate electrode formed on said trapping film;
and

a pair of insulating films formed on said pair of
impurity diffusion layers with said gate elec-
trode sandwiched therebetween.

2. A semiconductor memory comprising:

a plurality of impurity diffusion layers formed in
surface portions of a semiconductor substrate
in the shape of stripes and working as bit lines;
a plurality of buried insulating films formed
above said plurality of impurity diffusion layers
on said semiconductor substrate and extending
along a bit line direction; and

gate electrodes of memory devices formed on
said semiconductor substrate and extending
along a word line direction,

wherein said gate electrodes include a plural-
ity of first conducting films, which are formed be-
tween said plurality of buried insulating films on said
semiconductor substrate with a trapping film formed
below said gate electrodes and have top faces
thereof at substantially the same level as top faces
of said plurality of buried insulating films, and a sec-
ond conducting film formed over said plurality of
buried insulating films and said plurality of first con-
ducting films for electrically connecting said plurality
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of first conducting films to one another.

The semiconductor memory of Claim 1 or 2,

wherein said trapping film is made of a multi-
layer film composed of a silicon oxide film, a silicon
nitride film and a silicon oxide film successively de-
posited on said semiconductor substrate.

A semiconductor memory comprising:

a plurality of impurity diffusion layers formed in
surface portions of a semiconductor substrate
in the shape of stripes and working as bit lines;
a plurality of buried insulating films formed
above said plurality of impurity diffusion layers
on said semiconductor substrate and extending
along a bit line direction;

a plurality of floating electrodes made of first
conducting films that are formed between said
plurality of buried insulating films on said sem-
iconductor substrate with a tunnel insulating
film formed below and have top faces substan-
tially at the same level as top faces of said plu-
rality of buried insulating films;

an inter-electrode insulating film formed over
said plurality of buried insulating films and said
plurality of floating electrodes and extending
along a word line direction; and

gate electrodes of memory devices made of a
second conducting film that is formed on said
inter-electrode insulating film and extends
along the word line direction.

The semiconductor memory of Claim 2 or 4, further
comprising sidewall insulating films formed on side
faces of said first conducting films.

The semiconductor memory of Claim 5, further
comprising metal films formed between said plural-
ity of impurity diffusion layers and said plurality of
buried insulating films and between every pair of
said sidewall insulating films opposing each other.

The semiconductor memory of Claim 2 or 4,

wherein each of said plurality of impurity dif-
fusion layers includes a high concentration impurity
diffusion layer formed at a center and low concen-
tration impurity diffusion layers formed on both
sides of said high concentration impurity diffusion
layer.

The semiconductor memory of Claim 2 or 4,
wherein a silicide layer is formed in a surface
portion of said second conducting film.

The semiconductor memory of Claim 8, further
comprising sidewall insulating films formed on side
faces of said plurality of buried insulating films.
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The semiconductor memory of Claim 8, further
comprising insulating films buried between said plu-
rality of buried insulating films.

The semiconductor memory of Claim 2 or 4,
wherein said second conducting film is a met-
al film.

The semiconductor memory of Claim 2 or 4,
wherein a transistor included in a logic circuit
is provided on said semiconductor substrate, and
a gate electrode of said transistor has a mul-
tilayer structure composed of one of said plurality
of first conducting films and said second conducting
film.

The semiconductor memory of Claim 12,
wherein a silicide layer is formed in a surface
portion of said second conducting film.

The semiconductor memory of Claim 12,
wherein said second conducting film is a met-
al film.

The semiconductor memory of Claim 2 or 4,
wherein a transistor included in a logic circuit
is provided on said semiconductor substrate, and
a gate electrode of said transistor is made of
said second conducting film alone.

A method for fabricating a semiconductor memory
comprising the steps of:

forming a trapping film in a memory device for-
mation region on a semiconductor substrate;
depositing a first conducting film on said trap-
ping film;

patterning said first conducting film by using a
first mask pattern extending along a bit line di-
rection;

forming impurity diffusion layers working as bit
lines by implanting an impurity into said semi-
conductor substrate by using, as a mask, said
first mask pattern or patterns of said first con-
ducting film;

forming buried insulating films between said
patterns of said first conducting film on said
semiconductor substrate;

depositing a second conducting film on said
patterns of said first conducting film and said
buried insulating films; and

patterning said second conducting film and said
patterns of said first conducting film by using a
second mask pattern extending along a word
line direction, whereby forming gate electrodes
of memory devices each made of a pattern of
said second conducting film and a pattern of
said first conducting film.
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17. A method for fabricating a semiconductor memory

comprising the steps of:

forming a trapping film in a memory device for-
mation region on a semiconductor substrate;
depositing a first conducting film on said trap-
ping film;

patterning said first conducting film by using a
first mask pattern extending along a bit line di-
rection;

forming first sidewall insulating films on side
faces of patterns of said first conducting film;
forming impurity diffusion layers working as bit
lines by implanting an impurity into said semi-
conductor substrate by using, as a mask, said
patterns of said first conducting film and said
first sidewall insulating films;

making said impurity diffusion layers overlap
said patterns of said first conducting film by an-
nealing said semiconductor substrate;
forming, on said semiconductor substrate, bur-
ied insulating films between said first sidewall
insulating films opposing each other;
depositing a second conducting film on said
patterns of said first conducting film and said
buried insulating films; and

patterning said second conducting film and said
patterns of said first conducting film by using a
second mask pattern extending along a word
line direction, whereby forming gate electrodes
of memory devices each made of a pattern of
said second conducting film and a pattern of
said first conducting film.

18. A method for fabricating a semiconductor memory

comprising the steps of:

forming a trapping film in a memory device for-
mation region on a semiconductor substrate;
depositing a first conducting film on said trap-
ping film;

patterning said first conducting film by using a
first mask pattern extending along a bit line di-
rection;

forming low concentration impurity diffusion
layers by implanting an impurity into said sem-
iconductor substrate by using patterns of said
first conducting film as a mask;

forming first sidewall insulating films on side
faces of said patterns of said first conducting
film;

forming high concentration impurity diffusion
layers working as bit lines by implanting an im-
purity into said semiconductor substrate by us-
ing, as a mask, said patterns of said first con-
ducting film and said first sidewall insulating
films;

forming, on said semiconductor substrate, bur-
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ied insulating films between said first sidewall
insulating films opposing each other;
depositing a second conducting film on said
patterns of said first conducting film and said
buried insulating films; and

patterning said second conducting film and said
patterns of said first conducting film by using a
second mask pattern extending along a word
line direction, whereby forming gate electrodes
of memory devices each made of a pattern of
said second conducting film and a pattern of
said first conducting film.

The method for fabricating a semiconductor mem-
ory of Claim 17 or 18,

wherein, in the step of forming buried insulat-
ing films, said buried insulating films are formed on
said semiconductor substrate with a metal film
formed below said buried insulating films.

The method for fabricating a semiconductor mem-
ory of Claim 16 or 17,

wherein, in the step of forming impurity diffu-
sion layers, said impurity is implanted into said sem-
iconductor substrate through said trapping film.

The method for fabricating a semiconductor mem-
ory of Claim 16 or 17, further comprising, between
the step of patterning said first conducting film and
the step of forming impurity diffusion layers, a step
of patterning said trapping film by using, as a mask,
said first mask pattern or said patterns of said first
conducting film,

wherein, in the step of forming impurity diffu-
sion layers, said impurity is implanted into said sem-
iconductor substrate not through said trapping film.

The method for fabricating a semiconductor mem-
ory of Claim 18,

wherein, in the step of forming low concentra-
tion impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate through
said trapping film.

The method for fabricating a semiconductor mem-
ory of Claim 18,

wherein, in the step of forming low concentra-
tion impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate after re-
moving at least part of a portion of said trapping film
exposed from said patterns of said first conducting
film.

The method for fabricating a semiconductor mem-
ory of Claim 22,

wherein, in the step of forming high concen-
tration impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate through
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52
said trapping film.

The method for fabricating a semiconductor mem-
ory of Claim 22, further comprising, between the
step of forming low concentration impurity diffusion
layers and the step of forming high concentration
impurity diffusion layers, a step of patterning said
trapping film by using, as a mask, said first mask
pattern or said patterns of said first conducting film,

wherein, in the step of forming high concen-
tration impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate not
through said trapping film.

The method for fabricating a semiconductor mem-
ory of Claim 18, further comprising, between the
step of patterning said first conducting film and the
step of forming low concentration impurity diffusion
layers, a step of patterning said trapping film by us-
ing, as a mask, said first mask pattern or said pat-
terns of said first conducting film,

wherein, in the step of forming low concentra-
tion impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate not
through said trapping film.

The method for fabricating a semiconductor mem-
ory of Claim 16, 17 or 18,

wherein, in forming said gate electrodes, sili-
cide layers are formed in surface portions of pat-
terns of said second conducting film.

The method for fabricating a semiconductor mem-
ory of Claim 16, 17 or 18,

wherein, in forming said gate electrodes, sili-
cide layers are formed in surface portions of pat-
terns of said second conducting film after forming
second sidewall insulating films on side faces of
said buried insulating films.

The method for fabricating a semiconductor mem-
ory of Claim 28,

wherein said semiconductor memory in-
cludes atransistorincluded in a logic circuit and pro-
vided on said semiconductor substrate, and

in forming said second sidewall insulating
films on the side faces of said buried insulating
films, said second sidewall insulating films are
formed on side faces of a gate electrode of said
transistor included in said logic circuit.

The method for fabricating a semiconductor mem-
ory of Claim 16, 17 or 18,

wherein, in forming said gate electrodes, sili-
cide layers are formed in surface portions of pat-
terns of said second conducting film after burying
insulating films between said buried insulating films.
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The method for fabricating a semiconductor mem-
ory of Claim 17 or 18,

wherein said second conducting film is a met-
al film.

The method for fabricating a semiconductor mem-
ory of Claim 31,

wherein said semiconductor memory in-
cludes atransistorincluded in a logic circuit and pro-
vided on said semiconductor substrate, and

a gate electrode of said transistor included in
said logic circuit has a multilayer structure com-
posed of a pattern of said first conducting film and
a pattern of said metal film.

The method for fabricating a semiconductor mem-
ory of Claim 16, 17 or 18,

wherein said semiconductor memory in-
cludes atransistorincluded in a logic circuit and pro-
vided on said semiconductor substrate, and

a gate electrode of said transistor included in
said logic circuit is made of a pattern of said second
conducting film alone.

The method for fabricating a semiconductor mem-
ory of Claim 16, 17 or 18,

wherein said semiconductor memory in-
cludes atransistorincluded in a logic circuit and pro-
vided on said semiconductor substrate, and

in forming said gate electrodes; a gate elec-
trode of said transistor included in said logic circuit
composed of a pattern of said second conducting
film and a pattern of said first conducting film is
formed by patterning said second conducting film
and said patterns of said first conducting film in a
logic circuit formation region on said semiconductor
substrate.

A method for fabricating a semiconductor memory
comprising the steps of:

forming a tunnel insulating film in a memory de-
vice formation region on a semiconductor sub-
strate;

depositing a first conducting film on said tunnel
insulating film;

patterning said first conducting film by using a
first mask pattern extending along a bit line di-
rection;

forming impurity diffusion layers working as bit
lines by implanting an impurity into said semi-
conductor substrate by using, as a mask, said
first mask pattern or patterns of said first con-
ducting film;

forming buried insulating films between said
patterns of said first conducting film on said
semiconductor substrate;

depositing an inter-electrode insulating film on

10

20

25

30

35

40

45

50

55

28

said patterns of said first conducting film and
said buried insulating films;

depositing a second conducting film on said in-
ter-electrode insulating film; and

patterning said second conducting film, said in-
ter-electrode insulating film and said patterns
of said first conducting film by using a second
mask pattern extending along a word line direc-
tion, whereby forming gate electrodes of mem-
ory devices each made of a pattern of said sec-
ond conducting film and floating electrodes
each made of a pattern of said first conducting
film.

36. A method for fabricating a semiconductor memory

comprising the steps of:

forming a tunnel insulating film on a memory
device formation region on a semiconductor
substrate;

depositing a first conducting film on said tunnel
insulating film;

patterning said first conducting film by using a
first mask pattern extending along a bit line di-
rection;

forming first sidewall insulating films on side
faces of patterns of said first conducting film;
forming impurity diffusion layers working as bit
lines by implanting an impurity into said semi-
conductor substrate by using, as a mask, said
patterns of said first conducting film and said
first sidewall insulating films;

making said impurity diffusion layers overlap
said patterns of said first conducting film by an-
nealing said semiconductor substrate;
forming buried insulating films between said
first sidewall insulating films opposing each
other on said semiconductor substrate;
depositing an inter-electrode insulating film on
said patterns of said first conducting film and
said buried insulating films;

depositing a second conducting film on said in-
ter-electrode insulating film; and

patterning said second conducting film, said in-
ter-electrode insulating film and said patterns
of said first conducting film by using a second
mask pattern extending along a word line direc-
tion, whereby forming gate electrodes of mem-
ory devices each made of a pattern of said sec-
ond conducting film and floating electrodes
each made of a pattern of said first conducting
film.

37. A method for fabricating a semiconductor memory

comprising the steps of:

forming a tunnel insulating film in a memory de-
vice formation region on a semiconductor sub-



38.

39.

40.

55

strate;

depositing a first conducting film on said tunnel
insulating film;

patterning said first conducting film by using a
first mask pattern extending along a bit line di-
rection;

forming low concentration impurity diffusion
layers by implanting an impurity into said sem-
iconductor substrate by using, as a mask, pat-
terns of said first conducting film;

forming first sidewall insulating films on side
faces of said patterns of said first conducting
film;

forming high concentration impurity diffusion
layers working as bit lines by implanting an im-
purity into said semiconductor substrate by us-
ing, as a mask, said patterns of said first con-
ducting film and said first sidewall insulating
films;

forming buried insulating films between said
first sidewall insulating films opposing each
other on said semiconductor substrate;
depositing an inter-electrode insulating film on
said patterns of said first conducting film and
said buried insulating films;

depositing a second conducting film on said in-
ter-electrode insulating film; and

patterning said second conducting film, said in-
ter-electrode insulating film and said patterns
of said first conducting film by using a second
mask pattern extending along a word line direc-
tion, whereby forming gate electrodes of mem-
ory devices each made of a pattern of said sec-
ond conducting film and floating electrodes
each made of a pattern of said first conducting
film.

The method for fabricating a semiconductor mem-
ory of Claim 35 or 36,

wherein, in the step of forming buried insulat-
ing films, said buried insulating films are formed on
said semiconductor substrate with a metal film
formed below said buried insulating films.

The method for fabricating a semiconductor mem-
ory of Claim 35 or 36,

wherein, in the step of forming impurity diffu-
sion layers, said impurity is implanted into said sem-
iconductor substrate through said tunnel insulating
film.

The method for fabricating a semiconductor mem-
ory of Claim 35 or 36, further comprising, between
the step of patterning said first conducting film and
the step of forming impurity diffusion layers, a step
of patterning said tunnel insulating film by using, as
a mask, said first mask pattern or patterns of said
first conducting film,
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wherein, in the step of forming impurity diffu-
sion layers, said impurity is implanted into said sem-
iconductor substrate not through said tunnel insu-
lating film.

The method for fabricating a semiconductor mem-
ory of Claim 37,

wherein, in the step of forming low concentra-
tion impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate through
said tunnel insulating film.

The method for fabricating a semiconductor mem-
ory of Claim 37,

wherein, in the step of forming low concentra-
tion impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate after re-
moving at least part of a portion of said tunnel insu-
lating film exposed from said patterns of said first
conducting film.

The method for fabricating a semiconductor mem-
ory of Claim 41,

wherein, in the step of forming high concen-
tration impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate through
said tunnel insulating film.

The method for fabricating a semiconductor mem-
ory of Claim 41, further comprising, between the
step of forming low concentration impurity diffusion
layers and the step of forming high concentration
impurity diffusion layers, a step of patterning said
tunnel insulating film by using, as a mask, said first
mask pattern or said patterns of said first conduct-
ing film,

wherein, in the step of forming high concen-
tration impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate not
through said tunnel insulating film.

The method for fabricating a semiconductor mem-
ory of Claim 37, further comprising, between the
step of patterning said first conducting film and the
step of forming low concentration impurity diffusion
layers, a step of patterning said trapping film by us-
ing, as a mask, said first mask pattern or patterns
of said first conducting film,

wherein, in the step of forming low concentra-
tion impurity diffusion layers, said impurity is im-
planted into said semiconductor substrate not
through said trapping film.

The method for fabricating a semiconductor mem-
ory of Claim 35, 36 or 37,

wherein, in forming said gate electrodes, sili-
cide layers are formed in surface portions of pat-
terns of said second conducting film.
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The method for fabricating a semiconductor mem-
ory of Claim 35, 36 or 37,

wherein, in forming said gate electrodes, sili-
cide layers are formed in surface portions of pat-
terns of said second conducting film after forming
second sidewall insulating films on side faces of
said buried insulating films.

The method for fabricating a semiconductor mem-
ory of Claim 47,

wherein said semiconductor memory in-
cludes a transistorincluded in a logic circuit and pro-
vided on said semiconductor substrate, and

in forming said second sidewall insulating
films on the side faces of said buried insulating
films, said second sidewall insulating films are
formed on side faces of a gate electrode of said
transistor included in said logic circuit.

The method for fabricating a semiconductor mem-
ory of Claim 35, 36 or 37,

wherein, in forming said gate electrodes, sili-
cide layers are formed in surface portions of pat-
terns of said second conducting film after burying
insulating films between said buried insulating films.

The method for fabricating a semiconductor mem-
ory of Claim 35, 36 or 37,

wherein said semiconductor memory in-
cludes atransistorincluded in a logic circuit and pro-
vided on said semiconductor substrate, and

a gate electrode of said transistor included in
said logic circuit is made of a pattern of said second
conducting film alone.
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